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PREFACE   TO    THE    NEW    EDITION. 


In  view  of  the  great  advances  in  the  science  and 
practice  of  Public  Health  since  the  first  appearance 
of  this  Manual  in  1890,  the  present  edition  (the 
tenth)  has  been  revised,  rearranged,  and,  where  neces- 
sary, rewritten.  In  recent  years  many  important 
additions  to  the  official  duties  of  Medical  Officers  of 
Health  have  been  made,  and  fuller  application  of 
scientific  knowledge  is  now  required  in  preventive 
medicina  The  object  of  the  Manual  is  mainly  to 
present  a  concise  summary  of  the  present  position, 
for  the  purposes  of  the  Medical  Officer  of   Health 

and  of  the  student 

B.  A.  W. 

G.  N. 

Auguit,  1905. 
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INTEODUCTION. 


Public  Health  administration  rests  upon  a  wide 
range  of  sciences,  almost  all  of  which  are  in  a  pro- 
gressive stage.  The  object  of  this  elementary  Manual 
is  to  summarise  the  more  important  pi'actical  applica- 
tions of  these  in  preventive  medicine,  and  especially 
in  the  work  of  Medical  Officers  of  Health,  under 
present  conditions ;  and  where  competent  authorities 
differ  in  opinion  or  practice,  to  give  prominence  to 
ofBcial  views  generally  accepted  rather  than  to  those 
of  individuals.  Readers  who  desire  fuUer  technical 
detail  will  turn  to  special  books  of  medicine, 
epidemiology,  bacteriology,  chemistry,  physics, 
meteorology,  geology,  engineering  and  statistics;  to  the 
official  publications  of  the  Local  Government  Board, 
the  Registrar-General,  and  other  Government  medical 
services  at  home  and  abroad ;  to  the  Reports  of 
Royal  Commissions  and  Departmental  Committees; 
to  the  Reports  of  Medical  Officers  of  Health  \  ^xA  \jci 
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2  Introduction, 

the  technical  Journah  and  the  Transctctiona  of  the 
many  learned  societies  concerned  with  Public  Health. 
Any  review  of  such  a  iield  uiust,  it  is  obvious, 
in  many  points  be  tentative  and  provisional.  Im- 
proved methods  and  appliances,  fuller  and  later 
statistics  and  research,  and  new  conceptions,  are 
brought  forward  year  by  year.  These,  together  with 
further  legislation,  are  recorded  in  the  current 
literature  of  the  subject.  Finally,  whilst  care  has 
Ijeen  taken  to  furnish  a  reliable  and  comprehensive 
statement  in  the  present  volume,  it  cannot  be  too 
clearly  understood  that  practical  work  in  administra- 
tion, in  the  laboratory,  and  in  the  hospital,  is  essential 
to  a  thorou'^h  grasp  of  many  of  the  principles  dis- 
cussed in  the  following  pages. 


^ 


In  100  volumea  of  pure  dry  air  there  are,  approxi- 
Hiately,  21  of  oxygen,  74  of  nitrogen,  and  5  of  argon. 
There  are  also  other  gases  in  much  smaller  proportion. 
In  practice,  however,  air  is  never  quite  pure  or  dry, 
and  it  is  therefore  necessary  to  take  account  of  watery 
T&pour,  dust,  and  gaseous  impurities  of  local  origin. 

Oxygen  ranges  from  20-99  in  volume  per  cent. 

sea  or  mountain  air  to  20'7  in  crowded  rooms, 
18'3  In  ill-ventilated  mines,  and  16'5  in  expired 
air.  It  is  leaaened  by  respirntion,  by  combustion, 
by  oiidiaable  organic  effluvia,  and  by  fog  ;  but  it  is 
increased  by  vegetation  and  by  rain.  The  average 
in  the  open  air  of  towns  may  be  taken  as  20-t)6 
volumes  per  cent. 

OzoDe,  a  more  active  form  of  oxygen,  with  the 
molecular  formula  Og,  instead  of  O^,  is  an  irrespirable 
gaa  readily  reduced  by  oxidisable  matter.  It  is  only 
an  occasional  component  of  air,  and  is  never  present 
in  more  than  minute  traces,  difficult  of  exact  measure- 
ment. The  proportion  is  greatest  after  thunderstorms, 
always  higher  on  the  coast  than  inland,  and  usually 
liigher  with  8.W.  rather  than  N.E.  winds. 

NitH^n  and  argon  are  inert,  and,  from  the  point 
of  view  of  public  health,  may  be  looked  upon  as 
diluents  only. 

Carbonic  add  gas  (COg),  said   to  be  absent 

n  desert  air,  varies  from  3-0  per  10,000  in  purest 
iinountain  or  sea  air  to  20'0  or  even  30'0  parts  in 
10,000  in  crowded  rooms.  In  fresh  open  air  it  ia 
ptttted  to  be,  as  a  rule,  4'0  per  10,000,  but  this  figure 
L&ased  upon  Pettenkofei-'s  process,  appears  to  be  too 
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high,  and  more  exact  measurement  points  to  3*0  per 
10,000  as  the  correct  standard.  The  proportion  is 
greatly  increased  by  expiration,  for  in  expired  air 
there  is  not  infrequently  as  much  as  450  parts  per 
10,000  (4-5  per  cent.)  The  proportion  of  COg  in  air 
is  also  increased  by  combustion,  putrefaction,  and  fog, 
and  it  is  diminished  by  vegetation,  rain,  high  winds, 
and,  of  course,  by  ventilation.  At  great  elevation 
the  proportion  is  increased,  owing  possibly  to  the 
complete  oxidation  of  organic  matter  {Angus  Smith), 
Both  carbonic  acid  and  organic  matter  are  greater  in 
the  air  of  towns  than  in  the  country,  and  in  day  air 
than  night  air.  In  railway  tunnels  Clowes  found  an 
average  of  14  parts  of  CO3  per  10,000,  and  on  one 
occasion  as  much  as  28*8  parts.  • 

Ammoiiia  salts  in  air,  like  carbonic  acid  gas, 
are  due  mainly  to  animal  exhalations  and  putrefactive 
processes.  Fresh  air  contains  from  0*03  to  0*1  mgr. 
of  carbonate  or  nitrate  of  ammonia  per  cubic  metre, 
but  in  crowded  rooms,  or,  for  example,  over  middens, 
there  may  be  0*50  mgr.,  or  even  more.  The  variations 
are  generally  parallel  with  those  of  carbonic  acid,  and 
are  similarly  affected  by  weather. 

Ifffarsli  gas  or  methane  (CH^)  is  met  with  in 
the  air  of  coal  mines  and  marshes.  In  the  former 
case  the  proportion  may  be  sufficient  to  destroy  life  by 
the  exclusion  of  oxygen,  but  as  much  as  300  parts 
per  1,000  can  be  breathed  with  comparative  impunity. 
If  present  in  certain  proportions  it  forms  an  explosive 
mixture  with  air. 

Carbonic  oxide  (CO)  is  present  in  minute 
quantity  in  the  air  of  towns,  but  in  larger  degree 
in,  say,  that  of  a  railway  tunnel.  Coal  gas  contains  from 
4  to  12  per  cent.,  but  "water  gas"*  and  "producer 

^  Under  various  names  gases  of  this  nature  are  now  largely  made  and 
supplied  to  the  public,  both  separately  and  as  an  auxiliary  to  an  ordinary 
coal  gas  supply.    They  have,  naturallyi  little  lighting  power,  bat  can  be 
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gas''  as  much  as  40  per  cent.  Carbonic  oxide  is  found 
as  a.  product  of  imperfect  combiietion,  particularly  of 
charcoal,  and  cast  iron  stoves  or  burners  may  give  it 
off  in  considerable  quantity.  Air  containing  0'05 
parts  per  1,000  causes  unpleasant,  and  eventually 
poisonous,  symptoms  in  persons  inhaling  it.  Less 
than  a  gramme  of  CO  may  kill  a  man  (Oliver).  The 
toxic  properties  of  carbon  monoxide  are  due  to  tbe 
fact  that  the  gas  enters  into  direct  combination  with 
the  Lffimoglobin  of  the  blood,  forming  with  it  an 
extremely  stable  compound,  making  the  blood  use- 
lass  for  respiratory  purposes.  Persons  thus  poisoned 
die,  therefore,  simply  from  want  of  oxyhiemoglobin. 

Sulphurous  acid  (SOj)  is  another  product  of 
combustion,  and  traces  o£  it  are  found  in  town  air, 
least  in  clear  breezy  weatber,  most  during  fog  and 
under  anticyolotiic  conditions.  Stoves  and  gas  burners 
are  the  chief  sources  of  SOg  in  the  air  of  rooms. 

Sulpbnreited  hydrog'en  {H^S)  may  occur  in 
the  air  of  marshes,  in  and  near  excavations,  in  collec- 
tions of  refuse  or  decaying  vegetable  matter,  in  sewer 
gas,  and  in  chemical  works  and  their  waste  heaps. 

The  inhalation  of  HjS  is  followed  by  more 
poisonous  results  than  is  commonly  supposed.  An 
atmosphere  containing  07  to  0*8  of  H,S  in  1,000 
litres  of  air  is  dangerous  to  human  life,  while  air 
containing  1  to  2  per  1,000  parts  destroys  in  a  few 
minutes.  When  only  minute  quantities  are  present, 
vertigo,  headache,  and  malaise  are  produced.  Two 
types  of  poisoning  occur,  namely,  that  resulting 
in  sudden  death  due  to  the  action  of  H^S  on  the 
respiratory  nerve  centres,  and  that  resulting  in  slow 
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poisoning  and    death    by   asphyxia    in   addition   to 
nervous  phenomena. 

It  may  here  be  stated  that  the  various  constituent 
parts  of  air  are  not  chemically  combined,  but  only 
mechanically  mixed.  The  proofs  of  this  are  (a),  that 
the  relative  proportions  of  oxygen  and  nitrogen 
present  in  air  are  not  those  of  their  combining 
weights,  or  of  any  simple  multiple  of  those  weights  ; 
(6),  if  air  be  artificially  made  by  mixing  oxygen  and 
nitrogen  together  in  proper  proportions,  no  change  of 
volume  or  temperature  takes  place  as  would  be  found 
had  chemical  combination  occurred  ;  and  (c),  if  air  and 
water  be  shaken  together  the  water  dissolves  some  of 
the  air,  which  can  be  subsequently  expelled  by  boiling, 
when  the  air  which  is  expelled  will  be  found  to 
contain  14  per  cent,  more  oxygen,  which  signifies  that 
the  atmosphere  is  not  a  stable  chemical  compound. 

Ptayslcal  properties.— (1)  Weight,  At  a  tem- 
perature of  32°F.,  the  barometer  being  at  29*9 
inches,  100  cubic  inches  of  air  weigh  about  32*5 
grains,  and  a  cubic  foot,  573  grains.  (2)  Compression 
and  expansion.  The  stratum  of  atmosphere  near  the 
earth's  surface  is  more  dense  because  more  subjected 
to  pressure  than  the  stratum  remote  from  the  earth's 
surface.  The  air  is  subject  to  Boyle  and  Marriotte's 
law  :  the  temperature  remaining  the  same,  the  volume 
of  a  given  weight  of  air  is  inversely  as  the  pressure 
which  it  hears.  Under  extreme  pressure,  with 
very  low  temperature,  we  now  know  that  it  may  be 
liquefied  (Dewar).  The  converse  of  compression  is  also 
true,  and  air  is  capable,  in  common  with  other  gases, 
of  expansion.  This,  too,  follows  a  law,  that  of  Charles : 
the  volum>e  of  a  given  weight  of  air  at  a  constant 
pressure  is  proportional  to  its  absolute  temperature, 
or,  in  other  words,  if  the  volume  remains  unaltered, 
the  pressure  varies  as  the  temperature,  and  if  the 
pressure  remains  constant  the  volume  varies  as  the 
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temperature.  The  increase  of  tlie  unit  of  volume  of 
a  gaa  for  one  degree  of  temperature,  that  is,  from 
zero  to  one  d^ree,  is  termed  the  co-efficient  of  expansion, 
and  IE  practically  the  same  for  all  gases  (5^5  of  their 
volume).  (3)  Diffusion.  If  two  different  gases  in 
receivers  be  brought  into  coram unication  with  each 
other,  they  will  diffuse  the  one  into  the  other,  and 
similar  diffusion  occurs  in  the  atmosphere.  According 
to  "  Graham's  I^aw  "  Ihe  diffusibUity  of  two  gasea  varies 
in  inverse  ratio  of  the  »i}uare  roots  of  their  densities. 
Bncteria  in  air  vary  in  number  and  species 
according  to  certain  eicternal  circura stances,  of  which 
the  following  are  the  chief,  namely,  the  pollution  of 
the  air,  the  dampness  of  surrounding  surfaces,  gravity, 
and  various  seasonal  and  meteorological  conditions. 

(a)  The  pollution  of  air.  It  was  Tyndall  who  in 
1878  first  pointed  out  that  dust  in  air  might  carry 
Tnioro-oi^anisma  ("the  raft  theory  "),  and  that,  other 
things  being  equal,  dusty  air  contained  more  bacteria 
than  dust-free  air.  Since  that  time  Haldane  and 
others  have  confirmed  this  by  examination  of  the  air 
of  workshops,  schoolrooms,  etc.  In  open  fields,  free 
from  habitations,  few  bacteria  are  present,  and  the 
same  is  true  of  mountain  and  sea  air ;  in  towns  ot 
crowded  rooms  the  reverse  is  the  case.  Miquel  found 
an  average  of  455  bacteria  per  cubic  metre  in  the  park 
of  Mont  Souris,  but  an  average  of  3,910  in  the  Rue 
de  Rivoli,  and  79jOOO  in  a  hospital  ward.  Haldane 
found  8  per  litre  in  a  dressmaker's  workroom,  but 
850  per  litre  in  a  dusty  rope-maker's  room  ;  Graham 
Smith  found  33  per  litre  in  the  dining  room  of  the 
House  of  Commons,  and  1  per  litre  in  the  open  air  of 
the  Terrace  ;  and  Andrewes,  investigating  the  air  of 
the  Central  London  Railway  (underground  tube), 
found  12  per  litre  on  the  lift  and  21  per  litre  on  the 
platform.  Cavnelly,  Haldane,  and  Anderson  fowwi  ^ 
bacteria  per  10  litres  in  open  air,  STi  mVow^ea  cWsS 
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'...'*.  M  :;/,r;i*i',f..   >\'.f,\i'j\\    in    the   act    of   coughing, 
■  .'<  f.u'j^  ',t  *u*t^X\t.'j  orj/jfrii-ifiiS  may  lie  present  in  the 
♦  / ;,.  f  "J ;. ;  /  t  I'l  iftffff.  f,    I J  ',i.\<\i\.\n;.  Andrewes.  and  othere 
/...  .'    '\.','fni   t,J,;xt.    \.ut'.  Httiii';    principle  applies  in  a 
."  //'  t    ».».*■•   ;jiij    #if    v/hi':h   fr':Oij*:ntlv    contains  fewer 
';/;/;•  jir-'/ri'.:  'Ii;!?!    t.fmt.  of  outhi^f;  air,  the  species  found 
»,'  U,i,'i/}t,y  ii'»v  t'l  til*',  'f^f.wti.'f^t'  hilt  tooutside  air.    This  is 
i)!.'/  i\if  '-/pianavion  of  thf?  rc;tention  of  bacteria  in 
:-jiij'  Hiu  /Ui<i  i.ijh<'n:lf  l;af:illiJH),  or  excreta  (the  typhoid 
I  I.I'  illij:-.;,  5;o  Jo/i{/  UK  ilnrwi  infttf^rials  remain  moi«t. 

(r^  77//;  infill t'.nrji  4 if  f/ruintj/  operates  upon  niicro- 
f.ri,\tt*:  t'*'\\>:  itt  l.lic  HiiiiKj  wuy,  of  coui'se,  as  upon  other 
pai ti<;ijlat<T  imuiUir.  llt'iicc,^  f*5wer  V^acteria  are  found 
ui.  )ii;/h  alt,it,ii<J<'/4  or  on  Um  tops  of  lofty  buildings. 
Hi  not  rli<l  not  find  a  Hin;(lf;  microbe  in  100  litres  of  air 
<'oilf'(:ljMj  at  lUr.  Hiimniit  of  Mont  Blanc.  Miquel 
round  '.tH  haiti-na  p«;r  cubic  metre  on  top  of  the  Pan- 
theon, nnd  7^)0  at  th(;  Htreot  level  ;  and  Graham 
Smith  found  that  at  the  top  of  the  Clock  Tower 
of  the  Houses  of  Parliament  in  Ijondon  there  was 
iinly  aljout  one-third  of  iho  numV)er  of  bacteria 
found  lit  ^nouiid  U'vcj. 
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(d)  Seasonal  and  meteorological  conditions  also 
exert  an  influence  upon  the  number  of  bacteria 
found  in  air.  The  seasonal  maximum  in  the  open 
air  seems  to  occur  about  midsummer,  and  the 
minimum  about  the  middle  of  winter,  but  in  hospital 
wards  and  houses  the  reverse  occurs,  owing  no  doubt 
to  ventilation.  Air  currents  and  wind,  of  course, 
exert  a  marked  influence,  as  also  do  rain  and  snow. 
Direct  sunlight  possesses  considerable  bactericidal 
power,  and  thus  reduces  the  number  of  air  organisms. 

Unlike  the  organic  matter  and  carbonic  acid,  the 
number  of  microbes  in  the  air  of  crowded  roointi 
is  dependent  rather  upon  habitual  ventilation  and 
cleanliness  than  upon  the  conditions  at  the  time  of 
observation.  They  are  not  due,  as  we  have  seen,  to 
respiration,  or  as  a  rule  to  want  of  cleanliness  of 
persons  or  clothing,  but  are  derived  from  the  walls, 
ceiling,  and  floor  of  the  room  itself,  especially  if 
these  are  porous  and  ^absorbent,  and  if  made  to 
vibrate  and  thus  create  dust.  As  to  the  nature  of 
the  microbes  found  in  the  air,  little  that  is  definite 
can  be  said.  Their  variety  is  considerable,  and  for 
the  most  part  they  are  saprophytes  and  harmless  to 
man,  but  they  may  include  putrefactive  organisms, 
and  under  certain  conditions  the  specific  germs  of 
disease.  Under  exceptional  conditions  bacilli  of 
tubercle  and  typhoid  fever  have  been  isolated  from 
air,  though  it  is  certain  that  air  comparatively  rarely 
contains  pathogenic  germs.  Air-borne  disease  is, 
however,  an  established  fact. 

Spores  of  moulds,  though  more  bulky  than  most 
other  air-bonie  organisms,  are  less  readily  deposited. 
Other  low  forms  of  organisms  and  pollen  may  also  be 
found,  and  may  be  the  source  of  certain  forms  of 
disease  (hay-fever). 

Dust. — Aitken  found  the  number  of  dust  parti- 
cles per  cubic  inch  of  air  to  range  trom  ^,^^^  Ssv  \)ftfe 
B* 
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open  country  to  3,000,000  in  towns,  and  30,000,000 
in  rooms.  Apart  from  living  organisms,  dust  consists 
chiefly  of  mineral  particles,  and  of  formed  or 
unformed  organic  matter  of  vegetable  or  animal 
origin,  e.g.  epithelium  scales,  pollen,  or  particles 
of  flax,  wool,  or  cotton. 

Indoor  dust  contains  more  organic  components 
than  that  of  the  open  air,  although  open  fires  add 
largely  to  the  mineral  part.  The  heavier  particles 
subside  readily  in  still  air,  the  lighter  more  slowly, 
but  practically  deposition  is  always  taking  place, 
even  in  closed  rooms  and  spaces,  since  air  carrying 
dust  is  constantly  passing  in  or  out  through  crevices 
with  variations  of  temperature  and  pressure.  Hence 
the  only  dust-proof  spaces  are  those  which  are  kept 
hermetically  sealed  or  in  which  there  is  provision  for 
free  entry  of  air  through  a  dust-filter,  as,  for  example, 
a  closed  bookcase,  the  back  of  which  consists  of  baize 
or  similar  material. 

Respiration.  —  Respiration  abstracts  oxygen 
from  air  and  adds  carbonic  acid  gas,  water,  organic 
matter,  and  a  little  ammonia.  An  average  adult 
gives  off  about  0*6  cubic  foot  *  of  carbonic  acid  per 
hour,  or  17  litres,  of  which  perhaps  about  one-fiftieth 
part  is  yielded  by  the  skin  {Regnault).  The  amount 
is  less  in  women,  children,  and  aged  persons,  but 
more  in  animals,  such  as  oxen  or  horses,  which  give 
off*  about  three  times  as  much  COg  as  does  man. 

Expired  aii',  as  we  have  seen,  contains  about  4*5 
per  cent,  of  carbonic  acid,  and  only  about  16  per 
cent,  of  oxygen.  As  a  rough  average  it  may  be 
stated  that  10  oz.  of  watery  vapour  are  given  off 
by  the  human  lungs  in  24  hours,  and  20  oz.  by  the 
skin.  In  health,  expired  air  contains  few,  if  any, 
microbes,    but  much  organic  matter,    the   nature  of 

*  0*56  during  sleep  ;  0*78  when  awake.    {Pcttenkofer,) 
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■which  is  very  imperfectly  known.  It  is  nitrogenoua, 
oxidisable,  molecular,  and  probably  exists  in  com- 
bination with  water,  since  it  is  readily  abeorbed 
by  hygroscopic  objects.  It  is  precipitated  from 
solution  by  silver  nitrate,  bl  tick  ens  on  ignition, 
reduces  potassium  permanganate,  yields  ammonia  on 
diatilIa,tion  with  alkaline  ]>ermanganate,  and  has  a 
(cetid  smelL  Unlike  carbonic  acid,  organic  matter 
diffuses  aluggishlj  through  the  air  of  a  i-oom,  and 
is  slowly  destroyed  by  fresh  air.  It  promotes  the 
growth  of  micro-organisms,  in  which  respect  it  appears 
to  differ  from  COj ;  and  milk,  meat,  or  other  foods  , 
in  contact  with  it  readily  become  tainted.  Both 
carbonic  acid  and  organic  matter  are  increased  after 


Combustion.  ^~  Coal  when  burnt  gives  off  — 
(1)  Carbonic  acid,  together  with  carbonic  oxide  unleas 
the  combustion  is  complete  (it  is  estimated  that  each 
ton  of  coal  burnt  represents  nearly  3  tons  of  COj 
added  to  the  atmosphere)  ;  (2)  Sulphurous  and  sul- 
phurife  acids  (1-5  per  cent,  sulphur  exists  in  coal)  ; 
carbon  bisulphide,  ammonium  sulphide,  and  some- 
times sulphuretted  hydrogen;  (3)  Water;  (4)  Fine 
particles  of  carbon  and  tarry  matter. 

Coal  gas  yields  similar  products,  but  there  is  little 
free  carbon  or  organic  matter  The  sulphur  in  ^ 
should  not  exceed  20  grains  per  100  cubic  feet.  The 
AlkaliWorksEegulation  Act  (1881)  provides  that  not 
more  of  the  acid  gases  of  sulphur  and  niti'ogen  than 
the  equivalent  of  4  grains  of  SO,j  per  cubic  foot  of 
air,  gas,  or  smoke,  must  escape  into  the  atmosphere. 

Wood  yields  little  of  the  sulphur  compounds. 
Oil  and  candles  give  scarcely  any,  but  they  increase 
the  organic  matter  in  the  air. 

The  gaseous  products,  especially  carbonic  acid,  c 
rapidly  diffused   by  air-currenta ;  but  the  au.s^fc\\ie&' 
particles  diffuse  slowly,  and  are  not  aa  a  tvAe  ioM.'af 
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The  bottle,  having  been  cleaned  and  dried^  is  filled  with 
sample  air,  either  by  means  of  a  bellows,  or  other  dry  method. 
Moisture  is  held  to  invalidate  the  result.  Sixty  c.c.  of 
clear  lime-water  are  put  into  the  bottle,  the  stopper  is  inserted 
and  the  air  thoroughly  washed  with  lime-water  by  means  of 
vigorous  shaking.  The  carbonic  acid  combines  with  lime 
and  forms  a  milky  precipitate  of  carbonate  of  lime  ;  the  loss  of 
strength  of  the  lime-water  therefore  measures  the  amount  of 
carbonic  acid  present.  After  the  bottle  has  stood  at  rest  for  a 
few  hours,  30  c.c.  of  the  lime-water  are  removed  for  analysis. 
It  is  not  possible  to  collect  the  whole  of  the  60  c.c,  nor  would 
there  be  any  advantage  in  doing  so. 

It  only  remains  to  determine  by  means  of  the  oxalic  solution 
the  amount  of  lime  present  in  the  lime-water  before  and  after 
the  process,  and  from  the  loss  to  calculate  the  proportion  of  car- 
bonic acid  in  the  known  volume  of  sample  air.  The  deter- 
mination of  the  "  causticity  '*  of  the  lime-water  (that  is,  the 
amount  of  caustic  lime  it  contains)  is  made  by  a  simple  process 
of  alkalimetry.  Oxalic  solution  is  dropped  from  a  graduated 
burette  into  a  measured  quantity  (30  c.c.)  of  lime-water,  until 
the  exact  point  of  neutralisation  is  reached.  Several 
"  indicators  "  are  available  for  the  recognition  of  this  point. 
If  a  drop  of  the  lime-water  is  removed  from  time  to  time  and 
put  in.  upon  turmeric  paper,  it  will  give  a  brown  stain  as  long  as 
any  caustic  lime  remains  unneutralised,  but  none  when  the 
neutralisation  is  complete.  A  still  simpler  indication  is 
obtained  by  adding  to  the  lime-water  a  few  drops  of  a  solution 
of  "  phenol-phthalein,"  which  is  decolorised  as  soon  as  all  the 
lime  is  neutralised. 

Example. — The  capacity  of  the  bottle  is  4,840  c.c,  and  30 
cc  of  lime-water  take  respectively  38  and  31  c.c.  of  oxalic 
solution  before  and  after  the  process. 

The  volume  of  air  is  4,840  c.c. -60  c.c  =4,780  c.c.  Since 
30  cc  lost  7  mgr.  of  lime,  the  60  cc.  employed  lost  14  mgr., 
and  from  data  already  given  this  corresponds  to  14x0-4  =  5'6 
c.c.  of  carbonic  acid.  Hence,  the  sample  air  contained  (by 
volume)  6*6  parts  of  carbonic  acid  in  4,780  of  air,  or  1-17  per 
thousand. 

Corrections  must  be  made  if  the  temperature  deviates 
materially  from  32°  Fahr.,  or  the  barometric  pressure  from 
30  inches  of  mercury.  One  per  cent  should  be  added  to  the 
result  for  every  5°  above  32°  Fahr.     If  the  barometric  reading 

30 
is  B,  the  result  must  be  multiplied  by  — .      Thus,  if  in  the 

above  example  the  temperature  were  72°  Fahr.,  and  the  pres- 
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sure  29 -2  inches,  the  corrections  would  be  as  follows: — 1'17  x 
100   ^    29^  =1*3  part  of  carbonic  acid  per  thousand. 

2.  HaWme's  method. — A  method  has  been  devised  by 
Haldane  for  determining  GOg  without  using  collecting  jars, 
etc.  He  adapts  a  gas  analysis  apparatus  consisting  of  a 
burette  with  a  wide  ungraduated  portion  and  a  narrow  portion 
graduated  in  divisions  of  rir^T  P*'^*  of  the  capacity  of  the 
burette.  This  is  enclosed  in  a  water  jacket,  and  a  control  tube 
is  used  to  correct  for  variations  of  temperature.  The  pressures 
under  which  the  readings  are  made  are  found  to  be  the  same, 
before  and  after  absorption,  by  measuring  the  level  of  the 
potash  solution  in  the  narrow  tube.  The  graduated  burette 
allows  of  25  C.C.  of  air  to  be  admitted  for  examination. 
Having  collected  the  amount  of  air  the  GO^  is  absorbed  in 
the  caustic  potash  solution.  After  complete  abstraction  of 
GO 3  the  volume  of  the  air  is  again  read  off  at  the  same 
temperature  and  pressure.  The  difference  between  the  two 
readings  gives  the  result  in  volumes  of  GO,  per  10,000  of  air. 

3.  Angus  Smithes  Minimetric  method  and  *'  Hottsehold  "  test, 
— A  certain  amount  of  carbonic  acid  is  needed  in  order  to 
produce  a  cloud  in  a  given  volume  of  lime-water.  The  volume 
of  lime-water  being  constant,  the  volume  of  air  necessary  to 
give  a  visible  precipitate  affords  a  simple  inverse  measure  of 
the  carbonic  acid  it  contains.  Half  an  ounce  of  clear  lime- 
water  is  placed  in  each  of  a  series  of  stoppered  bottles  of 
different  sizes,  and  well  shaken.  ITie  smallest  bottle  which 
shows  any  cloudiness  indicates  the  proportion  of  carbonic  acid 
present  in  the  mimple  air,  according  to  the  following  empirical 
scale : — 

A   ppt.    in    a">   ^q  i    c.c   capacity  indicates  the  ")   «.^   f   parts  CO2 
bottle  of     J  **o  -J         presence  of  at  least        }  \  per  1,000 
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Adopting  0-6  per  1,000  as  the  permissible  limit  of  carbonic 
acid,  there  should  bo  no  precipitate  when  half  an  ounce  of  lime- 
water  is  shaken  in  a  bottle  of  300  c.c.  or  10|  oz.  capacity. 
The  method  is  not  very  satisfactory  or  accurate. 

Carbonic  oxide^  CO,  may  be  determined  quan- 
titatively by  eudiometry,  or  by  exposing  a  measured 
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volume  of  air  to  a  solution  of  cuprous  chloride,  which 
absorbs  this  gas.  The  loss  iu  volume  shows  the 
amount  of  carbonic  oxide  present.  On  passing  CO 
through  palladium  chloride  solution  a  black  precipi- 
tate of  carbon  is  formed.  Its  presence  may  also  be 
determined  by  VogeVs  test  with  the  spectroscope  after 
using  ammonium  sulphide.  A  caged  mouse  is  aff'ected 
in  1^  minutes  by  air  containing  0  4  per  cent,  of  00, 
and  this  may  be  used  as  a  sensitive  test  (Haldane), 

Oxyg^en  is  determined  quantitatively  by  exposing 
a  measured  volume  of  air  to  a  solution  of  alkaline 
potassium  pyrogallate,  which  absorbs  the  oxygen. 
The  analysis  may  be  conveniently  made  in  a  gradu- 
ated glass  tube  inverted  over  a  mercurial  trough  ;  the 
tube  having  been  filled  with  air,  the  pyrogallate 
solution  is  passed  up  into  it  through  the  mercury. 
All  the  readings  must  be  taken  at  the  same  pressure. 

Ozone  is  detected  by  its  action  upon  potassium 
dioide.  Strips  of  porous  paper  are  steeped  in  a  solu- 
tion containing  starch  and  potassium  iodide,  and  then 
dried.  These  are  exposed  for  a  definite  period  to  the 
air,  care  being  taken  to  exclude  sun  and  rain.  Ozone 
causes  a  blue  tint,  the  intensity  of  which  is  taken  as 
indicating  the  amount  of  ozone  according  to  a  stan- 
dard scale  of  tints  ;*  the  ozone  liberates  iodine  from 
the  potassium  iodide,  and  the  iodine  strikes  a  blue 
colour  with  the  starch. 

Ammonia  may  be  collected  by  aspirating  a 
known  volume  of  air  through  distilled  water,  and  then 
determined  (quantitatively  as  well  as  qualitatively)  by 
Nesslerising  (page  78). 


*  For  several  reasons  this  test  is  held  to  be  inexact.  The  chief  are  (1) 
that  nitrous  acid  and  peroxide  of  hydrogen,  as  well  as  ozone,  give  the 
reaction ;  (2)  that  the  conditions  of  exposure  arc  not  unifonn— light,  wind, 
humidity,  and  temperature  all  vary,  and  all  affect  the  reaction  ;  (3)  some 
of  tlie  liberated  iodine  is  volatilised,  and  some  reacts  again  upon  the 
potash  to  form  inert  iodide  and  iodate. 
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]Kiti*ogen  is  determined  with  sufficient  accuracy 
as  the  residue  left  when  oxygen  is  removed  by 
pyrogailate  solution.  The  proportions  of  other  gases 
are  so  small  that  their  retention  does  not  materially 
affect  the  determination  of  nitrogen. 

liVater,  or  rather  aqueous  vapour  in  air,  may  be 
measured  by  the  hygrometer,  by  the  spectroscope,  or 
volumetrically  by  its  absorption  by  sulphuric  acid, 
etc. 

It  may  occasionally  be  necessary  to  test  for  sulphur- 
etted hydrogen,  or  for  mineral  acids  due  to  chemical 
manufacturing  processes.  The  former  is  detected  by 
exposing  strips  of  porous  paper  moistened  with  a 
solution  of  lead  acetate,  and  noting  the  black 
colour  due  to  formation  of  lead  sulphide.  Free 
mineral  acids  will  redden  moist  blue  litmus  paper ;  and 
may  be  obtained  for  chemical  analysis  by  aspirating 
the  air  through  distilled  water  or  solution  of  caustic 
potash. 
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CHAPTER  II. 

METEOROLOGY. 

The  principal  climatic  phenomena  requiring  sys- 
tematic record  are :  (1)  Temperature  of  the  air ; 
(2)  Pressure  of  the  air;  (3)  Movement  of  the  air; 
(4)  Amount  or  degree  of  moisture  in  the  air ;  (5) 
Ozone ;  (6)  Rainfall ;  (7)  Sunshine ;  (8)  Cloud,  mist, 
fog. 

Temperature  varies  constantly,  so  that  the  read- 
ing at  any  one  time  has  only  a  limited  significance,  and 
maximum  and  minimum  registering  thermometers  are 
required  for  systematic  record. 

The  maximum  thermometer  has  a  mercurial  column,  a 
detached  portion  of  which  serves  as  an  index,  being  either 
permanently  separated  from  the  rest  by  a  minute  bubble  of  air 
(Phillips),  or  else  detached  afresh  each  time  by  means  of  a 
constriction  near  the  bulb  (Negretti),  which  allows  the 
expanding  mercury  to  pass,  but  renders  the  cohesion  of  the 
metal  insufficient  to  draw  it  back  upon  cooling.  The  ther- 
mometer is  kept  horizontal,  and  the  index  is  shaken  back  after 
each  reading,  ready  for  a  new  observation. 

The  minimum  thermometer  (Rutherford's)  contains  coloured 
alcohol.  The  index  is  a  little  metal  rod  included  in  the  column, 
and  is  drawn  back  by  capillary  attraction  as  the  column 
contracts,  but  allows  the  alcohol  to  flow  past  it  when  expanding. 
To  set  the  instrument,  it  is  only  necessary  partially  to  invert 
it,  and  let  the  index  fall  to  the  top  of  the  spirit  column.  It  is 
then  replaced  in  the  horizontal  position. 

If  the  instruments  are  read  once  daily,  say  at 
9.0  a.m.,  they  indicate  respectively  the  highest  and 
lowest  temperatures  attained  during  the  previous 
24   hours,   irrespective   of   the   time  of    occurrence. 

Two  sets  of  instruments  are  used,  one  for 
"  shade"  temperatures,  Le,  the  temperature  of  the  air 


Tempera  ture. 

ilf,  the  other  for  "  radiation "  temperature 
!e  exposure  to  the  sun.* 
Thus  are  obtained  for  each  day — shade  n 

theaa   the   daily,    weekly,    monthly,    or   yearly 

%  both  in  shade  and  with  free  radiation. 

The  •m&un  temperatii/re  of  the  day  is  calculated  ii 

'eral  ways : — 

(a)  By  taking  the  mean,  of   the    maximuni   ani 

linimum  recorded  temperatures.    This  is  correct  only 

in  winter ;  at  midsummer  it  is  often  more  than  2°  too 

high. 

(6)  By  taking  the  mean  of  two  readings  at  twelve- 
hour  intervals  :  e.ij.  9.0  a,in,  and  9.0  p.m. 

(c)  By  ta,kiiig  a  single  reading  at  9.0  p.m. 

(d)  By   taking   hourly  readings,   or   a  continuous 
ord,  by  means  of  photography.     The  mean  of  these 

the  true  mean  temperature  of  the  day. 

The  weekly,  monthly,  and  annual  means  are  the 

iverages  of  the  daily  means.     Taking  the  average  of  a 

[mber  of  years,  the  daily  minimum  occurs  at  about 

a.m.,    the  maximum    at    2.0    p.m.     The  annual 

imes  are  in  July  aud  January  respectively. 

Proximity  to  the  sea  lessens  the  range  of  tern. 

Ijerature  and  moderates  \ta  extremes,   water  having 

(as  compared  with  land)  a  high   capacity  for  heat, 

but  being  slow  to  radiate  or  absorb  it.     Elevation 

lowers    the    temperature,    by   facilitating   radiation. 

,5^e  influence  of  latitude,  of  winds  and  ocean  cur- 

ints,  and  of  aspect  and  exposure,  is  obvioua     Some 

■'  hot " — di*y    sands    and    hard   rocks,    for 

;ampie — ^while    moist  clayey  soils  are  "cold."      A 

irfaoe  covered  with  vegetation  radiates  much  more 

r  an  placed  In  A  lonvrcd  woodan  boi,  fdiir  ttat  nbove  tha 
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rapidly  than  bare  eartli ;  at  night  a  grass  field  is  colder 
than  a  road. 

Earth  temperature,  that  is  the  temperature 
of  the  soil  at  fixed  depths,  is  more  uniform  and  less 
diurnally  variable  than  atmospheric  temperatura 
According  to  Ballard,  when  the  temperature  at  4  feet 
reaches  56**  Fahr.,  infantile  diarrhoea  may  be  expected 
to  become  epidemic.  Earth  temperature,  which  is 
measured  by  Symonds'  earth  thermometer,  varies  but 
little,  proportionately,  from  surface  temperature, 
except  that  it  is  much  more  sluggish.  At  24  feet 
of  depth,  however,  it  is  almost  the  reverse  of  surface 
temperature,  being  highest  in  winter  and  lowest  in 
summer  (Forbes),  Below  40  feet  there  is  little  annual 
variation  in  the  temperature  of  the  soil. 

The  radiation  thermometers  are  affected  princi- 
pally by  the  degree  of  sunshine  and  the  humidity  of 
the  atmosphere.* 

Humidity  involves  rather  complex  considerations. 
Water  evaporates  into  dry  air,  as  into  a  vacuum,  but 
the  volume  of  the  resulting  moist  air  is  greater  than 
that  of  the  original  dry  air.  For  example,  a  cubic 
foot  of  dry  air  at  60°  Fahr.  weighs  536*3  grains,  and 
is  capable  of  taking  up  5*77  grains  of  water;  the 
product,  however,  is  not  1  cubic  foot  of  moist  air, 
weighing  542*1  grains,  but  1*0176  cubic  foot,  and  a 

*  The  duration  and  intensity  of  sunshine  are  recorded  by 
CampbelPs  or  Jordan's  apparatus.  The  former  consists  essen- 
tially of  a  glass  sphere,  which  acts  as  a  lens,  and  brings  the 
rays  to  a  focus  at  successive  points  upon  a  curved  sheet  of 
paper  placed  at  the  right  distance.  A  burnt  track  is  thus 
described  for  such  time  as  bright  sunshine  continues.  Jordan's 
suD shine  recorder  is  a  small  fiat  circular  box.  The  sunshine  is 
admitted  through  a  slit,  and  impinges  upon  sensitised  paper, 
leaving  a  varying  photographic  record  of  its  duration  and  in- 
tensit)'.  In  either  apparatus  the  papers  must  be  renewed  daily, 
and  in  the  latter  the  sensitised  paper  must  be  "  fixed  "  by  im- 
mersing it  in  water. 
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Qubio  foot  of  tlie  same  moist  air  weiglia  oiilj  532" 
grains.  At  32°  Fahr.  a  cubic  foot  of  dry  air  ca 
take  up  only  2'13  grains  of  water;  afc  80°  Fahr. 
it  can  take  up  10-98  graina.  Further,  the  capacity 
for  moisture  increases  with  the  temperatui'e,  but  mucli 
more  rapidly. 

Indeed,  it  may  ahuost  be  said  that,  comparing 
temperatures  which  increase  in  arithmetic  progres- 
sion, the  capacity  of  dry  air  for  moisture  at  those 
temperatures  increases  in  geometric  progression^ 
Taking  0'0°  F,  as  a  atai-ting-point,  the  capacity  for 
moisture  (in  other  words,  the  weight  of  a  cubic  foot  of 
aqueous  vapour)  doubles  with  successive  incrementa 
of  temperature,  not  departing  greatly  fi-om  an  arith-. 
metic  serie 


I 
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As  a  rule,  the  water  present  is  only  about  70  or  75  per- 
cent, of  the  amount  required  for  saturation,  but  if  the! 
air  is  cooled,  the  same  quantity  of  aqueous  vapour, 
may  suffice  to  satui'ate  it;  and  if  the  cooling  is  carriecl. 
further  some  of  the  water  will  be  precipitatoi  as  misfi 
or  dew.  It  will  be  understood,  therefore,  that,  however 
dry  the  air  may  be,  it  always  contains  a  certain  pro-' 
portion  of  water,  and  if  cooled  to  a  certain  tempera- 
ture will  be  "  saturated ''  by  that  moisture ;  this 
temperature  is  called  the  dew-point.  "  Super-aatur-^ 
ated "  air  dej>osits  its  moisture  only  upon  boIM' 
surfaces,  and  this  is  the  cause  of  mists  and  fags,*' 

•  Fog  '■  formed  by  tlia  connloiiBatioii  of  witory  vapour  on  doM)' 
Virllelea  suipendflil  In  the  air,  wlikh  BlTtiril  "ftee  surlkcea"  ou  whlelg 
eoBdeuHtloD  can  ooaur,  Htmh  sCuioatihsFlc  dost  prolublir  iimBiats  at  BMl 
■alt  dusl  from  the  jm,  moteorlo  dnst,  cuodenaed  wwas,  culiiboalltw.i>saS« 
and    mi'tjunlfttc  oigiiiiic  and  inor^aiiic  iratUv.      Mt.\wu  \tuVVa  ^.^A^.  S^ 
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Humidity    is    measured    by    taygrometers    of 

various  kinds. 

DanielVs,  now  rarely  used,  consists  of  two  dependent  glass 
bulbs,  connected  by  a  tube  bent  twice  at  right  angles.  One 
bulb  is  of  black  glass,  and  contains  a  thermometer,  the  stem  of 
which  is  visible  in  the  tube  above ;  the  other  bulb  is  covered 
with  linen.  Both  bulbs  contain  ether.  A  little  ether  is  dropped 
on  the  linen  coating,  and  by  its  evaporation  lowers  the  tem- 
perature of  that  bulb,  so  that  ether  distils  over  from  the 
blackened  bulb,  lliis  causes  the  temperature  of  the  latter  to 
fall ;  as  soon  as  it  sinks  to  the  dew-point  the  black  surface  is 
dulled  by  deposit  of  atmospheric  vapour,  and  this  temperature 
is  instantly  read  off  by  means  of  the  contained  thermometer. 

RegnauWa  is  somewhat  similar,  but  the  black  bulb  is 
replaced  by  a  more  sensitive  bright  silver  cup,  and  the  distilla- 
tion is  brought  about  more  conveniently  and  rapidly  by  means 
of  an  aspirator. 

Dines*  consists  of  a  plate  of  black  glass,  covering  a  small 
chamber  containing  the  bulb  of  a  thermometer.  Cold  water  is 
passed  through  this  chamber  until  the  dew-point  is  reached  and 
the  glass  becomes  dull ;  the  current  is  then  stopped,  the  tem- 
perature gradually  rises,  and  the  thermometer  is  read  at  the 
moment  when  the  cloud  disappears. 

Satissure'Sf  which  has  the  advantage  of  giving  the  relative 
humidity  directly,  consists  of  a  human  hair,  fixed  at  one  end 
and  stretched  by  a  light  weight  attached  to  the  other.  It 
passes  round  a  movable  axis  which  carries  a  finger  pointing  to 
a  graduated  arc.  The  hair,  which  must  be  uninjured  and  free 
from  oil,  elongates  with  moisture  and  contracts  as  it  becomes 
dry ;  and  in  so  doing  rotates  the  axis  and  the  indicator.  The 
instrument  has  to  be  graduated  empirically  by  exposing  it  first 
to  perfectly  dry  air,  and  then  to  air  saturated  with  moisture, 
and  making  the  respective  positions  of  the  index  the  0  and  100 
points  upon  the  graduated  scale. 

The  wet  and  dry  hvlh  hygrometer  is  usually  em- 
ployed. Two  ordinary  thermometers  are  fixed  side  by 
side,  one  of  them  having  its  bulb  covered  with  muslin, 

earth's  atmosphere  is  greatly  polluted  with  dust,  produced  by  human 
agency,  rising  by  heated  strata  of  the  air,  and  forming  the  **  free  surface  " 
for  condensation,  even  though  the  air  be  not  saturated.  The  higher  the 
humidity  and  the  higher  the  vapour  tension,  when  the  air  is  not  saturated, 
the  greater  is  the  amount  of  moisture  held  by  the  dust  particles.  Town 
fogs  and  smoke  fogs  may  be  dry,  and  are  largely  constituted  of  particles  of 
unconsumed  carbon. 
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kept  wet  with  distilled  water ;  a  tail  of  tlie  muslin 
dips  into  a  vessel  of  water  so  as  to  make  good  tlie 
loss  by  evaporation.  If  the  air  is  saturated  with 
moisture,  no  evaporation  takes  place,  and  the  two 
thermometers  give  the  same  reading.  If  it  is  not 
saturated,  evaporation  lowers  the  temperature  of  the 
wet  bulb. 

From  the  wet  and  dry  bulb  readings  the  dew- 
point  can  be  calculated,  and  from  the  dew-point  tlie 
weight  of  water  present  in  the  air.  The  dew-point 
is  determined  by  calculation,*  or,  more  conveniently, 
by  reference  to  Glaisher's  Tables,!  in  which  the  rosult« 
are  given  for  all  ordinary  values  of  both  readings. 
The  dew-point  being  known,  the  next  step  is  to  find  the 
relative  tamnidity  of  the  air,  which  is  always  ex- 
pressed as  the  percentage  of  total  saturation.  For  thin 
purpose  reference  is  made  once  more  to  hygrometric 
tables,  giving  the  weight  of  a  cubic  foot  of  vapour  at 
eadi  temperature ;  and  the  relative  humidity  = 

wei^^t  of  cobic  foot  of  vapoor  at  the  dew-yK^lnt 

wagkt  of  cubic  loot  of  vapoar  at  dry-balb~teiniK;rature   ^    *  '» 

since  the  numerator  is  the  weight  actually  preH^^nt, 
and  the  denominator  the  weight  which  is  require^]  for 
oomp4ete  saturation  at  the  dry-bulb  temperature* 

In  practice  none  of  these  calculations  are  neeef0fary^ 
suMK^  01aisher''s  Tables  give  the  relative  humidity  cor- 
rwKoding  to  all  ordinary  readings  of  ihe  wet  and 
drj  bvlb  thermometenL  This  is  by  far  tlui  most 
ifuf^jrcaat  hjgromeMc  datum,  the  absolute  weij^t 


ttSt^oKOT.  iMnw  hfaitf  far;i'^»)i  far  «*ciB  ttaBu: «*a*tTO*L,     If  V  i*  ^Aj*-,  \aa#^« 
iv  '^ttt'^Tj  Isilfieauf^cttsre.  tike  ^ev-yicui  'k»  i  -  \>  'S^  -  (  w 
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or  tension  of  vapour  present,  and  even  the  dew-point, 
being  of  minor  interest.  The  relative  humidity  is  an 
inverse  measure  of  the  drying  effect  of  air.  The 
capacity  for  taking  up  moisture  increases  with  the 
temperature,  but  far  more  rapidly,  so  that  the  mere 
difference  between  the  dew-point  and  the  air  tempera- 
ture is  no  criterion  of  the  humidity. 

Aqueous  vapour  intercepts  some  of  the  sun's  lumi- 
nous rays,  and  very  greatly  impedes  the  radiation 
of  non-luminous  rays  from  the  surface  of  the  earth 
into  space.  Hence  the  difference  between  the  sun- 
maximum  and  grass-minimum  temperatures  is  chiefly 
dependent  upon  the  humidity.  The  intensity  of 
radiation  at  high  altitudes  is  largely  due  to  the 
absence  of  aqueous  vapour.  In  Arctic  regions  the 
unimpeded  solar  radiation  has  been  known  to  boil 
the  pitch  in  the  seams  of  ships  which  were  sur- 
rounded by  ice. 

Humidity  comes  into  question  also  in  connection 
with  ventilation,  the  aim  being  to  keep  the  air  of 
rooms  as  near  as  practicable  to  the  accepted  optimuTti, 
namely.  70%  of  saturation.  Hence  in  heating  by 
convection  it  is  desirable  to  moisten  the  air,  and  for 
certain  trade  processes  in  which  air  is  steamed  limits 
of  relative  humidity  are  imposed  by  law. 

Evaporation  from  moist  surfaces  is  regulated  by 
the  temperature  of  the  water,  the  temperature  of  the 
air,  the  humidity  of  the  air,  and  the  wind.  It  is  more 
rapid  from  moist  soil  than  from  water ;  and  deep- 
rooted  crops,  such  as  wheat,  dry  the  soil  to  a  greater 
depth  than  grass.  No  satisfactory  instrument  {atmo- 
meter)  has  been  devised  for  measuring  evaporation, 
owing  to  the  difficulty  of  excluding  rainfall  while 
allowing  free  exposure.  A  rough  estimate  may  be 
obtained  by  exposing  a  measured  volume  of  water  in 
an  open  dish  of  known  area,  and  deducting  from  the 
final  measurement  the  ascertained  rainfall.     Another 
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p.an  is  to  shelter  the  atniometer  from  rain  by  a  cover, 
but  thia  necessarily  lessens  the  evaporation.  Syniona 
found  tlmt  at  Lea  Bridge  the  mean  annual  evaporation 
per  square  inch  of  water-surface  was  21  inches,  the 
rainfall  being  25  inches.  In  eKce]»tionally  dry  years 
it  exceeds  the  rainfall. 

Atmospheric  pressure  is  measured  by  baro- 
meters. Mercweiol  barovieters  consist  essentially  of  a 
glass  tube  some  36  inches  long  filled  with  mercury, 
and  then  inverted  over  a  mei-curial  trough.  The  tube 
being  vertical,  the  mercury  sinks  until  the  column  is 
of  just  sufficient  height  to  balance  the  atmospheric 
pressure  acting  upon  the  free  surface  of  the  mercury 
in  the  trough.  The  vertical  distance  between  the 
two  mercurial  surfaces  exactly  measures  the  pressure 
of  the  atmosphere  in  terms  of  mercury.  The  level 
of  the  top  of  the  column  is  read  off  against  a  fixed 
scale,  but  as  the  level  of  the  mercury  in  the  cistern 
also  changes  slightly  with  every  change  of  pressure, 
it  is  necessary  to  take  this  into  account. 

In  Fortin'H  Iwronieter  the  cistern  has  n  loutliBt  bottom, 
which  can  bo  raiaed  or  lowered  by  means  o£  a  fine  screw,  until 
the  surface  ] list  touchee  a  Bxeil  ivory  point.     After  this  ad- 

JnHtment  of  the  cistern  to  a  cunBlaot  standard  level,  Ihe  upper 
erel  is  read  upon  a  scale  marked  upon  the  brass  ouing  of  the 

In  the  Kew  barometer  the  necessity  fc*  the  adjiiatmont  is 
obviated  by  graduating  the  scale  in  nominal  inches,  which  an. 
shorter  than  true  inchita,  and  exactly  coiTespand  to  the  dia- 
iplaeeoiBnt  cauBad  hy  a  change  of  pressure  to  the  extent  of  one 
.mch  of  mercury.  A  single  reading  thareforo  gi\(s  the  true 
Tertioil  haigbt  uf  the  column. 

In  the  siphon  barometer  the  ciltem  is  dispensed  with,  and 
the  tube  ia  of  U  shape,  one  arm  being  shi}rt  and  i:Ipen  at  (' 
end.     Buth  lerels  are  reud  upon  a  scale.      The  movement 
either  arm  is  little  more  than  hall  that  occurring  in  a  cistern 
tmmmeter. 

The  ordinary  wheel-barnmeter  is  a  syphou  barometer,  the 
tmovemeata  being  Intnamitteil  by  a  string  from  a  float  upon 
|ihe  mercury  in  the  open  tuho  tn  an  nuis  which  ciuries  a  long 
■flngcr  like  that  of  a  clock. 
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Greater  acctir&cy  in  the  reading  is  obtained  by  the 

use  of  the  "  vernier,"  a,  small  movable  _^ 

Bcale  which  slides  upon  the  principal 

scale  (Fig.  1).     If  the  barometer  is 

graduated   to  -jij  inch  divisions  the 

vernier  can  bo  so  graduated  that  35 

of  its  divisions  correspond  to  24  of 

tliose  upon  the  other  scale,  and  each 

division  is  therefore  only  --  of  the 

length    of    the    standard    divisions. 

With  sub-graduation  the  vernier  will 

show    differences  of  -^^  of  .Jg,   i.e. 

■002,  or  -j^Tj  inch.     When  a  reading 

is  to  be  taken,  the  lowest  mark  on  the 

vernier  is  accurately  adjusted  against 

the  top  of  the  mercurial  column.     If 

this  level  exactly  corresponds  with 

one  of  the  divisions  of  the  principal 

scale,   the  vernier  correction  is  not 

needed  ;     its      lowest     mark      will 

coincide     with    the    mark    on    the 

scale.     If,  however,  the  level  of  the 

mercury   does   not   exactly   coincide 

with    a    scale    division,  the  vernier 

helps  us  to  measure  more  accurately 

than  is  otherwise  possible  the    frac-  " 

tional  excess  over  the  next  division     *'^*j4~^f^'i^ 

below.     For  this  purpose  we  must      showing  a  readinK 

follow    the    vernier    scale    upwards       =  M-S^inobea!^ 

until  we  come  to  a   mark   upon  it 

which  corresponds  more  closely  than  any  other  to  one 
on  the  fixed  scale ;  calling  this  the  3;th  mark,  the 
correct  reading  is  -002  x  a;  inch  above  the  scale 
mark  next  below  the  mercury  level.  For  example, 
the  mercury  stands  above  29-85,  but  below  29-90, 
as  read  on  the  fixed  scale,  and  upon  inspection  it  is 
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found  that  the  sixth  vernier  division  corresponds  with 
a  division  of  the  fixed  scale.  This  shows  that  the 
fractional  excess  above  29'85  is  6  x  -003,  or  '013  inch, 
and  the  tnie  reading  is  therefore  29'862  inches.  Had. 
the  20th  division  of  the  vernier  been  the  one  which 
coincided  with  a  fixed  scale  mark,  the  fraction  would 
have  a  greater  value,  20  x  002  =  "04  inch,  and  the 
baroiueti-ic  reading  would  be  29'S9  inches.  A  litth; 
consideration  will  make  it  clear  that  as  compared  to 
scale  divisions  we  lose  '002  inch  for  every  vernier 
division  aa  we  follow  the  marks  upwards,  until  we 
have  lost  all  the  fractional  excess  over  the  39-85 
mark ;    and  then  the  marks  on  the  two  scales  will 

The  readiDg  having  beon  accurately  taken  with  the  Bid  ot-S 

the  vernier,  it  remainH  to  apply  certain  corrections  ; —  H 

(!)  Far  "indei  error"— i.e.  inaeGUtaciaB  in  the  scale.  M 

(2)  For  "capacity" — i.e.  for  the  chan^  in  tha  cistern 
level,  iulIssb  this  is  allowed  for  as  already  described.  Fcactiually, 
tbiB  eorrectian  isnereF  colled  for  m  good  modem  barometers. 

(3)  For  "capillarity,"  which  fends  to  depress  the  column 
slightly. 

These  thiee  correotioiiB  rto  Bpecial  to  each  instrument,  and 
Kew  uertificatea  give  for  each  halt  inch  a  correction  compriiring 
them  all. 

(4)  For  femperatare,  which  affects  the  mercory,  and  alao 
the  brass  ov  otiier  Bcale.  All  readings  are  reduced  to  32"  Fahr. 
by  meuDB  of  a  table  giving  corrections  for  each  temperature. 

(6)  For  elevatioQ.  It  is  customorytoreduceallreadingB  to 
sea-iaTel— >.o.  the  mean  halt-tide  level  at  Liverpool.  Far  this 
purpose  it  is  neiMisaary  to  know  the  exact  height  of  the  station 
and  to  refer  to  a  table  of  oiirrections.  Houghly  speaking,  the 
correction  is  about  I  inch  for  every  1,000  foet. 

Owing  to  the  high  specific  gravity  of  mercury,  13-5, 
II  column  of  about  30  inches  in  height  balances  the 
atmospheric  pressure,  and  there  is  the  further  adittst 
tage  that  the  vapoui--tension  in  the  TovTvce\ttao-V'*.wiw»- 
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above  the  mercurial  coltimn  is  trifling.  The  density 
of  mercury,  however,  renders  the  range  of  move- 
ment under  varying  atmospheric  pressures  small,  and 
other  liquids  have  been  employed  in  order  to  secure 
greater  sensitiveness  of  indication.  Jordan's  glyceHne 
barometer  is  the  most  important  of  these ;  glycerine 
has  a  specific  gravity  of  1*26,  and  a  column  of 
27  feet  would  about  balance  a  mercurial  column  of 
30  inches.  A  fall  of  1  inch  of  mercury  is  represented 
by  a  fall  of  10*7  inches  of  glycerine,  and  the  latter  is 
therefore  far  more  sensitive.  Water  barometers  have 
also  been  constructed,  a  column  of  34  feet  being 
required  to  balance  30  inches  of  mercury.  These 
instruments  are,  of  course,  still  more  sensitive,  and 
magnify  the  mercurial  reading  13  5  times;  but  in 
addition  to  the  disadvantage  of  their  height,  the 
vapour  tension  in  the  vacuum  is  a  source  of  error  that 
varies  with  the  temperature. 

Aneroid  barometers  dispense  entirely  with  liquids, 
and  measure  the  barometric  pressure  by  means  of  the 
elasticity  of  metal.  A  small  air-tight  metallic  box  is 
(nearly)  exhausted  of  air,  and  is  so  constructed  that 
the  top  is  slightly  forced  in  when  the  atmospheric 
pressure  rises,  and  (aided  by  a  strong  spring)  comes 
out  when  the  pressure  falls.  These  movements  are 
conveyed  by  levers,  etc.,  to  a  finger  moving  upon  a 
dial ;  the  dial  is  graduated  empirically  by  comparison 
with  a  standard  mercurial  barometer. 

There  are  periodic  and  non-periodic  variations  of 
pressure,  but  the  former  are  so  completely  masked 
by  the  latter  in  the  latitude  of  England  as  rarely  to 
be  perceptible  except  in  averages.  There  is  a  ten- 
dency  to   a    daily   curve,    with  a   range    of    about 

002  inch.  There  are  two  maxima,  about  9  a.m. 
and    9    p.m.  ;    and    two    minima,    about    3    a.m.  and 

3  p.m.  This  slight  curve  is  only  noticeable  in  the 
•-are   absence   of  non-periodic   changes ;    but   in   the 
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Rainfall. 

Tropics  tlie  daily  range  exceeds  O'll  iiicli, 
Arctic    i-egioim   it    vaiiiiiheH.      Tlie    aiuiudl 
England  ia  somewhat  irregular,  but  has  a  i 
at  the  end  of  May,  and  a  minimum  at  the  end  of 
October.     It  ia  very  different  in  other  countries. 

Rainfall  is  measured  by  a  rain-gauge,  consisting 
of  a  copper  funnel  leading  to  a  bottle  or  other  receiver. 
The  funnel  has  a  sharp,  circular  rim,  usually  5  inches 
or  8  inches  in  diameter,  and  its  area  in  square  inches 
is  accurately  known.  The  water  collected  in  the 
receiver  ia  measured  in  a  graduated  glass  vessel,  the 
divisions  of  which  correspond  to  the  fractions  of  an 
inch  of  rainfall  It  is  found  that  the  amount  collected 
is  greatest  at  the  ground  level.  Care  must  be  taken 
to  place  the  rim  of  the  gauge  perfectly  level  and  to 
select  an  open  site.  "  No  object  ought  to  subtend  a 
greater  angle  with  the  horizon  than  20°  in  any 
direction  from  the  gauge "  (SixiU).  Snow  and  hail 
may  be  melted  for  measurement  by  adding  a  known 
volume  of  warm  water,  which  must  be  deducted  froni 
the  total. 

As  regards  the  daily  curve  of  average  rainfall 
there  are  indications  of  three  maxima,  the  principal 
of  which  occurs  about  2  or  3  p.m.  The  annual 
curve  variea  with  locality.  In  London  and  on  tiie 
east  coast  of  England  the  principal  maximum  is  ii 
October,   and   the  minimum  in   February  or  March 

le     west    coast    January    is    the   wettest 
month. 

The  average   annual    rainfall    variea  from   about 

inches  on  the  east  coast  of  England  to  60  or  80 

hea  on  the  west  coast  of  Ireland  and  Scotland  ;  and 

at  Seathwaite,  in  Cumberland,  it  averaged  154  inches 

during  six  years.     The  average  for  England  ia  about 

35  inches. 

The  rainfall  does  not  often  exceed  an  inch  in  one 
in  Great  Britain,  but  enormoua  c\wft,vA\\Ae=, 


1 

I 

I 
I 

\ 


30  Hygiene  and  Public  Health,    [Chap.  ii. 

recorded  occasionally.  At  Camberwell,  in  1846, 
3  inches  fell  in  2^  hours,  and  in  Monmouthshire^  in 
1875,  5-36  inches  fell  in  one  day. 

It  is  greatest  on  the  westward  slope  of  English 
mountains,  owing  to  the  humid  westerly  winds  de- 
positing moisture  as  soon  as  they  are  forced  to  ascend 
into  colder  strata.  Haughton  calculates  that  one 
gallon  of  rainfall,  by  its  condensation  from  vapour 
into  the  liquid  form,  gives  out  latent  heat  sufficient 
to  melt  75  lbs.  of  ice,  or  45  lbs.  of  cast  iron ;  and 
that  on  the  west  coast  of  Ireland  the  heat  derived 
from  the  i*ainfall  is  equivalent  to  half  that  derived 
from  the  sun. 

¥Find  may  be  measured,  by  anemometers,  as 
regards  either  its  pressure  or  its  velocity. 

Hooke's  anemometer  is  a  thin  rectangular  plate  of  iron, 
suspended  from  its  upper  edge,  and  set  at  right  angles  to  the 
wind.  The  force  of  the  wind  is  measured  by  the  angular  dis- 
placement of  the  plate.  In  Gator's  anemometer  the  wind  forces 
back  a  plate,  the  movement  of  which  is  resisted  by  graduated 
weights.  A  pencil  connected  with  the  plate  records  upon  a 
chart  moved  by  clockwork  the  displacement.  In  Osier's 
anemometer  the  principle  is  the  same,  but  the  weights  are 
replaced  by  a  spring. 

Pressure  anemometers  have  the  advantage  of  recording  gusts 
and  sudden  changes  in  wind-pressure.  So  far  as  velocity  an  I 
pressure  are  comparable,  it  may  be  said  that  the  pressure  varies 
as  the  square  of  the  velocity.  If  v  =  the  velocity  in  miles  per 
hour,  and  p  =  the  pressure  in  pounds  per  square  foot,  then 
according  to  James, 

V2  =  200  P. 

Hobinson's  is  the  only  one  in  common  use.  It 
consists  of  four  light  arms  rotating  in  a  horizontal 
plane  around  an  axis,  through  which  their  move- 
ments are  transmitted  to  a  series  of  recording  dials. 
Each  arm  has  at  its  extremity  a  hemispherical 
cup,  facing  horizontally  at  right  angles  to  the  arm. 
In  whatever  direction  the  wind  blows,   the  vanes 
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revolve,  the  resultant  pressure  upon  the  concave  sur- 
faces being  greater  than  that  upon  the  convex.  It 
was  formerly  believed  that  the  cups  moved  with  one- 
third  the  velocity  of  the  wind,  and  the  index  dials 
were  graduated  accordingly.  It  appeargf  however, 
that  the  proportion  is  greater  than  one-third,  and  has 
a  direct  relation  to  the  size  of  the  cups  and  the  velocity 
of  the  wind. 

Apart  from  the  uncertainty  as  to  the  true  value  of 
the  readings  of  each  instrument,  the  records  of  differ- 
ent stations  are  not  strictly  comparable,  since  inequali- 
ties in  elevation  and  in  shelter  from  the  wind  are 
inevitable,  and  must  materially  affect  the  results. 
The  position  of  the  anemometer  should  be  such  as 
to  secure  the  fullest  possible  exposure  to  wind  from 
all  quarters. 

The  average  velocity  of  wind  in  Great  Britain 
shows  a  daily  maximum  and  minimum  closely  corre- 
sponding to  those  of  temperature,  about  2  p.m.  and 
4  a.m.  The  annual  curve  of  average  wind- velocity 
has  a  maximum  in  July  and  a  minimum  in  December 
or  January. 

In  Beaufort^ 8  scale  the  force  of  the  wind  is  stated 
by  arbitrary  numbers,  ranging  from  0  (calm)  to  12 
(hurricane). 


Force. 

Beaufort  Scale. 

Miles  per  hour. 

0 

Calm 

Up  to  3. 
8 

1 

Light  air 

2 

Light  breeze 

13 

3 
4 
6 
6 
7 
8 

Gentle  breeze 

Moderate  breeze 

Fresh  breeze 

Strong  breeze 

Moderate  gale 

Fresh  gale ,    . 

18 
23 
28 
34 
40 
48 

9 

Strong  eale 

56 

10 

Whole  gale 

65 

11 
12 

Storm 

Hurricane 

75 

\ 
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.In  England  the  velocity  is,  upon  an  average,  about 
8  miles  per  hour,  and  rarely  exceeds  40.  Local  winds 
may  be  caused  by  geographical 
configuration — e.g,  upon  coasts 
and  mountains.  In  normal 
conditions  a  wind  blows  at 
noon  from  sea  to  land,  from 
plains  to  hills,  but  at  sunset 
the  directions  are  reversed. 
Winds  increase  in  force  with 
elevation. 

A  "  wind-rose  ''   (Fig.    2)   is  ^j^,  2.-Wind-ro8e. 

a  scheme  showing  the  relative 

proportions  of  wind-observations  from  each  point  of 

the  compass.     The  Greenwich  wind-rose  for  1861-70 

was 
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If  the  readings  of  the  barometer  at  any  given 
moment  at  several  stations  dotted  over  a  wide  area, 
such  as  Europe,  are  recorded  upon  a  map,  and  lines 
are  drawn  connecting  together  all  the  points  where 
the  same  pressure  prevails,  we  obtain  a  "synoptic 
chart,"  and  these  lines,  or  isobars,  are  found  to 
assume  very  commonly  certain  typical  forms  (Fig.  3). 

1.  Cyclones,  formed  by  concentric  isobars,  the 
lowest  pressure  being  at  the  centre. 

2.  Anticyclones,  the  isobars  being  roughly  con- 
centric, with  the  highest  pressure  at  the  centre. 

3.  Secondary  cyclones,  formed  by  looped  concen- 
tric isobars  (the  circle  being  incomplete,  and  thus 
failing  to  form  a  true  cyclone)  with  lowest  pressure 
in  the  centre. 

4.  ^-shaped  depressions,  with  lowest  pressure  in 
the  interior,  forming,  for  example,  the  angular  intervals 
between  adjoining  anticyclones. 
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5.  Wedges  of  high  pressure — highest  in  the  interior 
— inserted  between  two  adjacent  cyclones,  and  usually 
pointing  to  the  north. 

6.  Cols  or  necks  of  comparatively  low  pressure 
between  two  adjacent  anticyclones,  like  the  pass  or 
**  col  "  between  two  Alpine  peaks. 

7.  Straight  isobars. 

Cyclones,  secondary  cyclones,  V-depressions,  and 
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Fig.  3.— Distribution  of  Pressure  over  the  North  Atlantic,  and  parts 

of  the  United  States  and  Europe,  Feb.  27th,  1865. 

{After  Abei-cromhie.) 

wedges,  usually  travel  eastward  at  the  rate  of  about 
twenty  miles  per  hour,  but  anticyclones  often  remain 
stationary  for  days,  weeks,  or  even  months. 

If  the  direction  of  the  wind  at  each  station  is 
marked  upon  the  synoptic  chart,  it  will  invariably 
be  found  that  its  direction  is  roughly  parallel  to  the 
isobars,  and  that  in  anticyclonic  areas  (in  the  northern 
hemisphere)  it  describes  a  circle  in  the  same  way  as 
the  hand  of  a  watch,  while  in  cyclonic  areas  this  cowx^^ 

C 
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is  reversed.*  The  direction  of  the  wind  in  these  and 
in  all  other  arrangements  of  isobars  conforms  to  Buys- 
Ballot's  law — that  an  observer  standing  with  his  back 
to  the  wind  always  has  lower  pressure  to  his  left,  and 
higher  pressure  to  his  right. 

The  closeness  of  the  isobars,  or  in  other  words,  the 
rapidity  of  change  of  atmospheric  pressure,  forms  the 
"  barometric  gradient,"  to  which  the  velocity  of  the 
wind  is  directly  proportionate. 

Not  only  the  force  and  velocity  of  the  wind  can  be 
inferred  from  the  arrangement  of  the  isobars,  but 
also  the  kind  of  weather  prevailing  at  each  station. 
The  front  part  of  an  advancing  cyclone  is  asso- 
ciated with  rain,  stratiform  clouds,  and  moist,  heavy 
atmosphere,  while  in  its  rear  the  opposite  conditions 
prevail,  namely,  sunshine,  clear  "  fresh  '*  air,  and 
cumulus  clouds.  Anticyclones  are  less  intense,  more 
stationary,  and  cover  a  wider  area  than  cyclones. 
In  front  of  them  and  at  the  centre  are  found  sun- 
shine, blue  sky,  haze,  little  wind,  keen  dry  air,  and 
free  radiation,  with  great  daily  range  of  temperature. 
The  weather  changes  which  accompany  secondary 
cyclones  or  V-depressions  are  the  same  as  those  of 
cyclones  ;  wedges,  like  anticyclones,  have  fine  weather 
in  front  and  bad  weather  in  their  rear. 

All  these  types  are  liable  to  break  up  or  merge 
into  new  forms  at  any  time,  but  it  is  often  possible 
to  "forecast"  the  weather  in  any  given  locality 
by  learning  from  the  synoptic  charts  the  direction 
and  velocity  of  cyclones  approaching  from  the 
west. 

Cyclones  are  often  diverted  from  their  course  by 
meeting  a  coast  line  or  mountain  chain,  or  even  an 
anticyclone ;  their  course  is  not  necessarily  ptraight, 

•  The  course  of  the  wind  is  not  exactly  parallel  to  the  isobars.  The 
wind  crosses  the  isobars  obliquely,  and  may  be  described  as  blowing 
spirally  into  a  cyclone  and  spirally  out  of  an  anticyclone. 
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nor  their  velocity  by  any  means  uniform.  Lastly, 
their  intensity — as  measured  by  the  steepness  of 
the  barometric  gradient  and  consequent  wind- 
velocity — may  also  change. 

Cyclones  are  much  more  numerous  than  anti- 
cyclones. The  centre  of  depression  usually  passes  to 
the  north  of  Britain,  and  hence  it  is  more  common 
for  the  wind  to  "veer"  (or  "go  with  the  sun'') 
than  to  "  back."  It  is  only  necessary  to  imagine  a 
watch  (with  its  hand  moving  in  the  reversed 
direction)  passing  over  a  given  point  upon  a  map  to 
understand  the  successive  changes  in  the  direction 
of  the  wind  at  that  point,  during  the  passage  of  a 
cyclone. 

Climate  is  the  condition  of  a  country  in  relation 
to  certain  meteorological  elements,  viewed  as  to  their 
effects  upon  animal  or  vegetable  life.  These  elements 
are  (a)  distance  from  the  equator,  or  latitude ;  (6) 
relative  distribution  of  land  and  water  ;  (c)  altitude  \ 
(d)  presence  of  ocean  currents ;  (e)  rainfall  \  and  ( /) 
wind.  Proximity  of  mountain  ranges  and  their 
influence  upon  the  shelter  from  wind  and  on  the 
rainfall,  soil  and  its  permeability  to  moisture,  and 
vegetation,  also  exert  an  influence  on  climate.  The 
climate  of  the  British  Islands  is  typically  marine,  being 
greatly  influenced  by  its  insular  position  and  the  Gulf 
Stream,  which  latter  causes  the  "  isothermal  lines  " 
(i.e.  lines  of  equal  temperature)  of  the  North  Atlantic 
Ocean  to  run  from  S.W.  to  N.E.  Such  a  climate  is 
essentially  a  temperate  one,  free  from  extremes  of 
heat  and  cold,  and  yet  marked  by  a  high  degree  of 
atmospheric  moisture.  Rheumatism,  lung  affections, 
and  other  diseases  directly  or  indirectly  due  to  such 
climates  therefore  abound.  It  is  customary  to  divide 
climates  into  "Warm,  Temperate,  Cold,  Marine,  and 
Mountain  climates,  and  in  each  of  these  disease  beat^ 
some  relation  to  the  climate.     Particularly  \a  X^is  \,t\)l^ 
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of  tropical  or  sub-tropical  climates,  in  which  malaria, 
dysentery,  liver  abscess,  cholera,  yellow  fever,  and  a 
variety  of  tropical  parasitical  diseases  find  favourable 
conditions.  At  the  same  time  much  can  be  done  by 
judicious  living  to  enable  the  individual  accus> 
tomed  to  one  climate  to  live  healthily  in  another. 
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CHAPTER  III. 

WATER. 

Amount. — It  is  generally  estimated  that  from  10 
to  15  gallons  of  water  per  head  per  day  are 
required  for  personal  and  domestic  use,  5  to  10 
gallons  for  municipal  purposes  and  a  similar  quantity 
for  trade  processes,  but  all  these  items  are  liable  to 
wide  variation.  About  20  to  30  gallons  per  head 
are  supplied  in  most  towns  in  Great  Britain.  The 
average  daily  amount  taken  in  food  is  about  half  a 
gallon,  but  at  least  a  pint  of  this  is  contained  in 
solid  food.  Half  a  gallon  more  is  used  in  cooking. 
Parkes  suggested  as  a  standard  in  a  middle-class 
household  6  gallons  per  head  for  domestic  washing, 
5  for  ablutions,  including  a  sponge-bath,  6  for  water- 
closets,  4  for  general  baths,  and  3  for  unavoidable 
waste. 

Sources.— All  natural  waters  are  ultimately 
derived  from  the  rainfall,  which  in  its  turn  is  due 
to  distillation  under  the  influence  of  the  sun's  rays 
from  all  humid  portions  of  the  earth's  surface.  Part 
of  the  rainfall  is  again  evaporated  from  the  surface 
upon  which  it  falls,  part  flows  along  the  surface 
to  form  streams  and  lakes.  A  third  part  sinks 
into  the  soil,  descending  through  fissures  or  pores, 
until  it  reaches  an  impervious  formation,  and  it 
then  either  finds  its  way  laterally  to  the  surface 
in  the  form  of  springs,  or  accumulates  in  the 
porous  strata  overlying  the  impervious  layer,  where 
it  may  be  reached  from  the  surface  by  wells.  It 
has  been  found  that  upon  sand  or  gravel  surfac^i^^^ 
much  as  90  per  cent,  or  more  oi  t\ie  \:«Ja\ia)X  ^\x^^ 
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into  the  ground,  as  compared  with  40  per  cent,  on  the 
chalk,  and  20  per  cent,  on  limestone,  while  upon  clay 
scarcely  any  infiltration  occurs.  For  obvious  reasons 
the  proportion  is  less  in  hilly  districts,  which  otfer 
greater  facilities  for  surface-flow,  and  less  in  summer 
than  in  winter  owing  to  excessive  evapoi'ation.  Experi- 
ments upon  a  gravelly  loam  indicated  a  penetration  of 
only  2  per  cent,  in  summer  and  nearly  100  per  cent, 
in  winter. 

In  a  memorandum  dated  December,  1897,  ad- 
dressed to  District  Councils,  the  L.G.B.  observes  : — 

"  The  Council  .  .  .  should  by  careful  inquiry 
make  themselves  acquainted  with  the  sources,  nature, 
and  quality  of  the  water  supplies  in  all  parts  of  their 
district,  and,  in  every  case  in  which  the  result  of  their 
inquiries  is  unsatisfactory,  should  take  all  such  steps 
as  may  be  within  their  powers,  with  the  view  of 
supplementing  or  improving  the  supplies.  .  .  . 
Accurate  information  should  be  procured,  if  not 
already  available,  in  such  matters  as  the  following : — 

1.  Where  water  is  derived  from  gathering  ground  or 
from  springs.  Whether  drainage  from  human  habi- 
tations, farmyards,  and  the  like  finds  its  way  directly 
or  indirectly  into  the  reservoir  or  to  any  part  of  the 
water  service ;  and  whether  risk  of  access  to  the 
water  of  human  excreta  and  similar  refuse  is  likely 
to  arisfe. 

2.  Where  water  is  derived  froTri  deep  wells. 
Whether  surface  or  other  water  liable  to  be  con- 
taminated by  drains,  sewers,  cesspools,  and  the  like, 
reaches,  or  is  liable  to  reach  the  wells.  The  existence 
and  direction  of  fissures  in  the  strata  deserve  a 
special  consideration  in  this  respect. 

3.  Where  the  water  is  derived  from  shallow  wells. 
Whether  the  wells  are  so  circumstanced  that  they  run 
risk  of  contamination  by  reason  of  drains,  privies, 
cesspools,  or   middens,    or   by   deposit   of  manure — 
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whether  derived  from  human  excreta   or  not  in  or 
on  the  ground  in  the  neighbourhood  of  the  wells." 

Rain-water  is  soft  and  well  aerated,  but  its  purity 
and  fitness  for  drinking  or  even  for  washing  depend 
upon  the  purity  of  the  atmosphere  through  which  it 
falls.  Near  the  coast  it  often  contains  traces  of 
chlorides  and  sulphates.  In  inland  districts  there 
is  a  marked  increase  in  the  sulphuric  acid,  ammonia, 
and  organic  matter,  owing  to  putrefactive  processes 
and  the  combustion  of  coal.  Near  towns  rain 
may  become  acid  in  reaction,  from  excess  of  sul- 
phurous and  sulphuric  acids,  and  is  liable  to  carry 
down  considerable  quantities  of  tarry  and  carbon- 
aceous matter  from  the  smoky  air.  It  acquires 
from  the  air  not  only  oxygen,  nitrogen,  carbonic 
acid  and  ammonia,  with  a  minute  amount  of 
nitric  acid,  but  also  any  organic  or  other .  impuri- 
ties that  may  be  present  in  the  air.  Ammonia 
is  found  in  largest  proportion  during  the  early  part 
of  a  shower.  A  litre  of  rain  contains  about  25  c.c. 
of  gases,  namely,  8  c.c.  of  oxygen,  16*5  c.c.  of  nitro- 
gen, and  0*5  c.c.  of  carbonic  acid.  Dew  and  snow- 
water have  practically  the  same  characters  as  rain- 
water, except  that  the  dissolved  gases  are  in  less 
amount  in  snow-water.  The  average  of  20  years, 
less  one  third,  gives  the  amount  of  rain  in  the  driest 
year,  and  plus  one-third  the  amount  in  the  wettest 
year.     {Hawksley.) 

Springs  and  wells.— The  portion  of  the  rain- 
fall that  sinks  into  the  ground  becomes  heavily 
charged  with  carbonic  acid  from  the  air  in  the  inter- 
stices of  the  soil,  and  aided  by  this  and  by  the  increas- 
ing pressure  it  dissolves  out  lime  and  various  mineral 
salts  from  the  strata  through  which  it  passes.  From 
the  superficial  strata  it  also  receives  organic  matter, 
but  the  tendency  of  filtration  through  the  soil  \&  ^<5i 
remove  this,  or  (in  the  superficial  layers,  ^Yvex^o^'^^^^ 
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is  present)  oxidise  it  witli  formation  of  nitrates. 
The  nature  and  amount  of  the  mineral  matters  in 
sohition  are  determined  by  the  sohible  constituents 
of  the  various  strata  through  which  the  water  has 
passed,  and  the  organic  impurities  are  regulated  by 
the  facilities  for  pollution  in  the  superficial  soil 
and  the  completeness  of  purification  by  filtration. 
Hence  the  water  in  shallow  wells,  especially  if 
situated  near  dwellings  or  manured  lands,  is  liable  io 
contain  much  organic  matter  washed  from  the  soil, 
with  or  without  partial  oxidation  into  nitrates  or 
nitrites  ;  and  also  chlorides,  which  usually  accompany 
organic  impurities  of  sewage  origin.  In  peaty  districts 
the  water  acquires  a  brown  tint  due  to  vegetable 
matter. 

According  to  the  depth  of  the  strata  from  which 
it  is  derived,  the  water  may  be  warm,  or  of  the 
mean  temperature  of  the  locality,  or  varying  in 
temperature  according  to  the  season. 

River-water  is  derived  partly  from  springs,  but 
chiefly  from  that  portion  of  the  rainfall  which  runs 
off  the  surface.  Hence  it  contains  a  variety  of  mineral 
salts  in  solution,  though  in  less  amount  than  in  spring 
or  well  water. 

All  streams  are  inevitably  polluted  to  a  certain 
extent  by  organic  matter.  Moorland  streams  con- 
tain peaty  matter,  sometimes  in  sufficient  quantity 
to  produce  diarrhoea.  Even  in  rural  districts, 
drainage  from  manured  land  and  farmsteads  finds 
its  way  to  the  river,  and  in  times  of  heavy  rain 
much  impurity  of  animal  and  vegetable  origin  is 
washed  into  the  watercourses.  Such  slight  degrees 
of  pollution  are  not  regarded  as  rendering  water 
unfit  for  drinking  purposes,  especially  after  filtration. 
Some  of  the  organic  matter  is  oxidised  by  agitation 
and  aeration,  assisted  by  nitrifying  organisms,  or 
removed     by     aquatic    plants,     and     the     bacterial 
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contents  of  river  water  may  be  much  reduced  by 
natural  processes.  For  example,  it  has  been  shown 
by  experimental  investigation  that  the  movement  of 
river  water,  and  its  pressure,  exert  such  an  influence. 
Oxidation,  dilution,  sedimentation,  the  bactericidal 
influence  of  light,  and  the  antagonism  of  the  fauna 
and  flora  of  a  river,  also  operate  in  the  same  way. 
When,  however,  the  sewage  of  hamlets,  villages,  and 
towns  is  poured  into  the  river,  the  pollution  becomes 
more  serious,  and  the  self-purifying  agencies  are 
soon  overpowered.  Even  if  the  sewage  added  at  any 
one  point  be  insuflScient  to  make  a  perceptible  differ- 
ence in  the  whole  volume  of  water,  it  will  contribute 
to  it,  and  the  risk  of  specific  pollution,  discernible 
neither  by  optical  nor  chemical  tests,  must  always 
render  such  a  stream  a  questionable  source  of  supply. 
Trade  effluents — for  example,  refuse  from  dyeworks, 
paper-mills,  and  bleachworks — cause  even  more  dis- 
coloration and  turbidity  than  sewage  proper.  From 
these  combined  causes  the  rivers  in  the  manufactur- 
ing districts  become  foul,  discoloured,  and  offensive. 
Matters  are  made  worse  by  the  refuse  from  slaughter- 
houses, solid  household  refuse,  and  even  contents  of 
privy  middens  being  cast  into  the  river.  When  the 
pollution  reaches  such  a  degree  as  this,  the  purifica- 
tion by  oxidation  is  insignificant.  Putrefaction  goes 
on,  however,  and  the  suspended  matters  are  slowly 
deposited  in  the  bed  of  the  stream,  so  that  there  is 
still  a  tendency  to  self-purification.  The  foulness  of 
rivers  has  rendered  it  necessary  for  the  towns  on  their 
banks  to  impound  pure  water  which  formerly  passed 
into  the  natural  watercourses  and  helped  to  dilute  the 
impurities  cast  into  them.  Lastly,  the  flow  is  in  many 
rivers  to  a  great  extent  intermittent. 

Owing  to  trade  exigencies,  vohimes  of  water  are  in  many 
places  impounded,  and  are  only  passed  into  the  stream.  dvyxvEv^ 
work  hours.     In  seaHons  of  drought  this  may  iox  %  \.Yai<&  ^\si0^x> 
C  ♦ 
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entirely  aiTest  the  flow  of  pure  water,  so  that  sewage  or  other 
impurities  that  gain  access  to  tbe  stream  remain  undiluted. 
This  evil  is  greatest  on  Saturdays  and  Sundays,  but  occurs 
daily,  and  continues  until  such  time  in  the  day  as  the  reserved 
flow  reaches  the  point  in  question.  When  water  is  abstracted 
from  the  head  of  a  stream  for  the  supply  of  a  town,  it  is  cus- 
tomary to  provide  a  "  compensation  reservoir  "  in  which  the 
storm  waters  are  impounded,  and  whence  they  can  be  delivered 
to  supplement  the  remaining  flow  in  the  river  in  dry  weather. 
As  a  means  of  regulating  the  flow  these  reservoirs  are  very 
valuable,  but  as  for  trade  purposes  the  discharge  is  often  made 
intermittent,  the  lower  part  of  the  stream  may  suffer  from 
delay  in  the  delivery  of  the  "compensation"  water,  in  addition 
to  the  loss  of  the  water  permanently  abstracted  from  the  channel. 
An  intermittent  flow  may  have  some  beneficial  influence  in 
flushing  the  bed  of  the  stream,  but  where  there  is  great  impurity 
any  interruption  of  flow  causes  increased  nuisance  by  exposure 
of  a  foul  foreshore. 

Jflode  of  supply. — In  thinly  populated  districts 
water  is  obtained  from  streams,  springs,  or  wells,  supple- 
mented by  storage  of  rain-water. 

The  depth  to  which  it  is  necessary  to  sink  a  well 
depends  upon  the  surface  conditions  as  well  as  the 
arrangement  of  the  strata  beneath.  Even  shallow 
wells  may  yield  good  water  unless  exposed  to 
pollution,  as  for  instance  by  the  proximity  of 
leaking  cesspools,  ashpits,  drains,  or  even  dwellings. 
Water  will  usually  be  found  collected  as  in  a 
basin,  above  the  first  impervious  stratum  of  clay, 
and  as  the  surface  of  this  subterranean  reservoir  will 
vary  according  to  season,  the  well  must  be  deep  enough 
to  reach  its  level  in  times  of  drought.  Such  a  well 
drains  a  wide  area,  and  is  liable  to  be  polluted  by  any 
impurity  of  the  soil  within  a  considerable  radius  of  its 
mouth,  and  as  the  supply  is  at  best  subsoil  water,  due 
regard  must  be  had  to  the  possibility  of  pollution  at 
comparatively  distant  points.  It  should  be  lined  with 
brick  and  puddled,  and  the  brick  lining  should  he 
brought  a  foot  or  two  above  the  ground  so  as  to  exclude 
surface  washings.     If  the  soil  is  polluted,  or  if  the 
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water  found  is  impure  or  insufficient  in  quantity,  the 
boring  is  carried  through  the  first  impervious  stratum 
to  other  water-bearing  strata  deeper  down.  Some- 
times the  water  in  the  deeper  strata  is  under  sufficient 
pressure  to  make  it  rise  to  the  surface  and  overflow, 
forming  an  "artesian  well"  or  artificial  spring.  The 
flow  in  dense  strata  being  slow,  each  well  eithausts  a 
considerable  area,  and  the  yield  of  water  cannot  be 
greatly  increased  by  multiple  borings.  Borings  in 
sandstone  or  limestone  give  large  and  constant  supplies. 


n- 


Fig.  4. — Diagrammatic  Section  across  a  Valley. 
a  a.  Level  of  water  in  deeper  permeable  strata. 


owing  to  the  enormous  accumulations  of  water  they 
contain,  but  wells  in  superficial  sand  or  gravel  beds,  or 
chalk,  often  fail  in  dry  seasons  (Fig.  4). 

Tuhe  wells  ("Abyssinian")  are  convenient  for 
small  or  temporary  supplies.  A  jointed  iron  tube 
is  driven  into  the  ground,  section  by  section,  the 
lowest  being  pointed  and  perforated  at  the  end. 
When  water  is  reached,  it  enters  the  tube  through  the 
perforations  and  is  pumped  up  if  the  pressure  is 
insufficient  to  bring  it  to  the  surface.  Where  the 
water  does  not  rise  to  within  25  feet  of  the  surface  a 
deep  well  pump  is  necessary.  "Abyssinian"  tube 
wells  are  most  suitable  for  gravel,  coarse  sands,  chalk, 
and  other  porous  water-bearing  strata,  and  may  be 
driven  to  any  depth  up  to  150  feet.     Tl\e^  «iX^  tvciX  \.Q 
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be  recommended  for  clays,  marls,  and  fine  sands,  and, 
of  course,  they  cannot  penetrate  rock. 

In  the  country,  and  in  certain  towns  where  the  air 
is  free  from  smoke,  the  rain  falling  upon  the  roofs  is 
collected  and  stored  in  cisterns  for  domestic  use.  It 
may,  however,  be  collected  from  any  other  natural  or 
artificial  impervious  surface.  Its  softness  renders  it 
valuable  for  washing,  especially  if  the  alternative 
supply  is  hard,  but  owing  to  sooty  and  other  matters 
acquired  from  the  air  and  from  the  roofs  themselves, 
it  is  seldom  obtained  in  a  state  of  sufficient  purity  for 
drinking  purposes.  It  has  been  estimated  that  on  the 
average  only  about  two  gallons  per  head  'per  diem 
could  be  collected  in  this  way.* 

If  rain  is  relied  upon  for  more  than  an  auxiliary 
supply,  the  collecting  surface  and  storage  capacity 
must  be  regulated  by  the  minimum  annual  rainfall 
and  the  longest  dry  season. 

Collection  and  storage. — Water  is  supplied 
to  towns  from  reservoirs  placed  at  a  sufficient  height 
to  allow  of  its  distribution  by  gravitation  through 
open  or  closed  aqueducts,  leading  to  the  street  mains 
and  through  them  to  the  service-pipes.  Pumping 
stations  may  be  requisi|;e  in  order  to  ^ain  this  eleva- 
tion, and  if  the  source  of  water  is  of  insufficient 
purity,  settling  tanks  and  filter  beds  may  also  be 
required.  When  the  yield  is  liable  to  intermission, 
large  storage  capacity  in  the  reservoirs  becomes  neces- 
sary. Supplementary  service  reservoirs,  fed  by  the 
main  reservoirs,  are  often  constructed  in  elevated  parts 
of  the  town,  partly  for  convenience  of  distribution  to 
certain  districts,  partly  in  order  to  supplement  the 
supply  during  the  hours  of  maximum  demand,  and  so 

*  The  annual  yield  is  found  by  multiplying  the  inches  of  annual  rainfall 
by  the  square  inches  of  sectional  area  of  the  building  (not  the  slant  surface 
of  the  rooO.  This  gives  the  cubic  inches  of  water  per  annum,  and  multi- 
plied by  0'0086,  the  number  of  gallons. 


Chap.  III.]  Storage  of  Water,  45 

to  avoid  the  necessity  of  regulating  the  calibre  of  the 
principal  aqueduct  by  the  greatest  hourly  consumption, 
which  is  double  the  average  hourly  consumption. 

If  water  with  a  head  of  H  feet  flows  through 
L  feet  of  pipe  D  inches  in  diameter,  the  discharge  W 
in  cubic  feet  per  minute  will  be 

W  =  4-72  ^^K^.    Hence  D  =  -538  V"^^'. 

The  source  of  supply  may  be  deep  wells,  springs, 
lakes,  rivers,  smaller  streams,  or  artificial  adits  from 
gathering  grounds.  Some  of  these  sources  are  im- 
mediately dependent  upon  the  rainfall  for  their 
continuance,  so  that  in  planning  a  water  supply  it  is 
necessary  to  take  into  account  the  area  of  the  gather- 
ing ground,  the  minimum  annual  rainfall,  the  longest 
rainless  period,  the  proportion  of  rainfall  available  for 
collection,  the  storage  capacity  of  the  reservoirs,  and  the 
amount  of  water  required  by  the  district  to  be  served.* 
Water  of  the  greatest  purity  is  obtained  from  deep 
wells,  or  from  barren  uplands,  where  the  risks  of 
animal  or  vegetable  pollution  are  slight. 

Reservoirs  are  constructed  either  by  excavation 
or  embanking,  the  simplest  plan  being  to  carry  an 
embankment  across  a  valley.  A  lining  of  concrete 
or  clay  puddle  may  be  needed  to  render  them  water- 
tight. The  embankments,  necessarily  of  great  strength, 
have  a  core  of  clay  puddle  and  are  protected  from 
disintegration  by  a  covering  of  grass  on  the  outer  side 
and  dressed  stone  on  the  inner. 

Means  are  provided  of  diverting  the  tributary 
streams  along  a  by-wash  when  they  become  foul  in 

*  In  such  cases  the  reservoirs  should  be  large  enough  to  hold  at  least 
150  days'  supply,  and  more  in  dry  localities.    If  B  =  mean  annual  rainfall, 
£  =  evaporation  (page  24),  and  A  =  acreage  of  gathering  ground,  then  the 
mean  daily  yield  in  gallons  is  62  A  (B-  B).    In  the  driest  year  the  raivifa^ 
will  he  I  less,  in  the  wettest  \  more,  than  the  average,   (^S^nvousr^ 
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flood  times.  The  reservoir  has  an  overflow  weir,  and 
can  be  emptied  for  cleansing  purposes  by  means  of  a 
pipe,  controlled  by  a  sluice,  leading  from  its  lowest 
point.  Fish  and  aquatic  plants  are  found  to  increase 
the  purity  of  the  water. 

From  the  reservoirs  the  water  passes  to  the 
aqueducts  by  an  outlet  pipe,  which  is  bent  upwards 
at  its  commencement  so  as  to  take  the  purest  water, 
free  alike  from  sediment  and  floating  matters.  The 
aqueduct  may  be  an  open  channel,  but  usually 
consists  of  iron  pipes  buried  two  or  three  feet  in  the 
ground  as  a  protection  against  frost.  The  pipe  aque- 
duct may  be  lined  with  pitch  or  other  anti-corrosive,  and 
being  watertight,  its  course  is  not  necessarily  down- 
ward at  all  points.  Means  of  access  are  provided  at 
short  intervals  for  cleansing  purposes,  and  if  its 
course  is  undulating,  sluices  are  needed  at  the  lowest 
points  for  scouring  out  debris,  and  air  vents  at  the 
summit. 

Distributing  conduits  and  mains  convey  the  water 
to  all  parts  of  the  district,  and  pass  beneath  the 
streets.  They  are  similar  in  construction  to  the  main 
aqueducts,  and  have  "  scouring  valves  ^'  at  all  dead 
ends  in  order  to  wash  out  sediment.  They  should  be 
kept  as  far  as  possible  from  the  sewers  and  gas  mains.* 
Hydi-ants  are  provided  at  short  intervals  for  use  in 
case  of  fire. 

Service  pipes  convey  water  from  the  street  main  to 
the  house,  and  are  controlled  by  means  of  stop-cocks. 
Lead  piping  is  generally  used,  owing  to  the  many 
bends  and  joints  needed  in  distributing  water  within 
the  house.  If,  as  is  sometimes  the  case,  the  water 
is  of  such  quality  as  to  act  upon  lead,  other  materials 
must  be  employed  for  domestic  suiDplies. 

*  There  is  danger  of  in-suctlon  if  a  perforation  exists  in  a  descending 
pipe,  and  especially  at  a  point  of  constriction,  even  if  the  pipe  is  con* 
stantly  full. 
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Constant    and    intermittent    service* — In 

almost  all  provincial  towns,  and  in  most  parts  of 
London,  the  water-supply  is  maintained  constantly, 
save  in  times  of  exceptional  drought.  In  some  dis- 
tricts, however,  the  supply  is  only  afforded  for  a  certain 
number  of  hours  in  the  day ;  and  it  becomes  necessary 
for  each  household  to  store  a  sufficient  supply  for 
twenty-four  hours,  in  elevated  cisterns.  The  inter- 
mittent system,  now  becoming  obsolete,  is  attended 
by  many  risks  and  disadvantages,  and  is  only  defended 
on  the  grounds  that  it  incurs  somewhat  less  waste, 
and  that  the  substitution  of  constant  service  entails 
better  fittings.  On  the  other  hand  the  cisterns, 
which  must  be  large  enough  to  meet  tlie  maximum 
(not  the  average)  daily  consumption,  are  costly,  and 
are  liable  to  become  foul ;  the  water  stored  in  them 
is  stagnant,  and  absorbs  impurities  from  the  air; 
coal-gas,  sewer  gases,  or  liquid  filth  are  liable  to  be 
drawn  into  the  mains  and  service-pipes  when  empty  ; 
and,  apart  from  this,  the  alternate  contact  with  air 
and  water  tends  to  corrode  the  pipes  and  promotes 
the  absorption  of  lead.  In  the  event  of  fire,  a  house 
or  district  under  the  intermittent  system  is  at  great 
disadvantage. 

A  cistern,  if  any  is  needed,  should  be  placed  at  the 
top  of  the  house,  and  fed  by  a  supply-pipe  controlled 
by  a  ball-cbck.  It  must  be  large  enough  to  contain 
at  least  a  day's  supply  and  must  not  directly  supply 
the  water-closet.  It  may  be  made  of  lead,  lined  with 
pitch  or  other  protective  coating,  or  of  galvanised  or 
Barff  iron,  or  of  slate  slabs  set  in  cement.  It  should  he 
effectually  covered,  but  ventilated,  and  provided  with 
an  overflow  discharging  into  the  open  air  away  from 
any  source  of  effluvia.  Frequent  inspection  and 
cleansing  are  necessary. 

Purification   of  water  may  be  necessary 
account    of    excessive    hardness,    e.xceaa    oi    «i 
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constituents,  suspended  matters,  organic  matter  in 
solution,  or,  lastly,  on  account  of  liability  to  specific 
pollution. 

Distillation  is  the  most  universally  applicable 
mode,  and  even  sea- water  can  be  utilised  in  this  way. 
Distilled  water  has  an  unpleasant  taste,  and  is  said  to 
be  indigestible  from  its  want  of  aeration.  This  can  be 
remedied  by  exposure  to  the  air  in  finely  divided  cur- 
rents, as,  for  instance,  by  letting  it  fall  from  a  sieve, 
or  by  charging  it  with  COg  under  pressure. 

Boiling  removes  temporary  hardness  and  destroys 
microbes,  and  therefore  specific  contagia.  Some  of 
the  organic  matter  is  carried  down  with  the  calcium 
carbonate.  Boiled  water  tastes  flat,  and,  like  distilled 
water,  needs  aeration.  Lime  is  thrown  down  more 
completely  if  sodium  carbonate  is  added. 

Chemical  processes  are  for  the  most  part  intended 
to  remove  excess  of  lime.  Hard  water  may  be 
softened,  and  at  the  same  time  deprived  of  all  sus- 
pended matter,  organic  or  mineral,  by  adding  about 
six  grains  of  alum  per  gallon.  Calcium  sulphate  and  a 
bulky  precipitate  of  aluminium  hydrate  are  formed,  and 
carry  down  suspended  matters.  If  no  calcium  carbonate 
is  present,  calcium  chloride  and  sodium  carbonate  must 
be  added  previously.  Perchloride  of  iron  (2|  grains 
per  gallon)  acts  similarly. 

Clark's  process, — Hard  waters  may  be  softened 
upon  the  large  scale  in  reservoirs  by  adding  one  ounce 
of  quicklime  per  hundred  gallons,  for  every  degree  of 
temporary  hardness.  The  lime  and  calcium  bicarbonate 
react  to  form  insoluble  calcium  carbonate,  and  this 
carries  down  with  it  suspended  matters.  A  similar 
process  may  be  employed  on  the  domestic  scale,  using 
lime  or  washing-soda,  or  both. 

The  Porter-Clark  process  is  a  modification  of 
Clark's.  Instead  of  waiting  for  slow  subsidence, 
which  takes   ten  or  twelve   hours,   the   precipitated 


Chap.  III.]  Filters.  49 

calcium  carbonate  is  removed  rapidly  by  filtration 
through  cloth,  under  pressure. 

Filtration  aims  at  straining  off  suspended 
matters,  and  oxidising  dissolved  organic  substances. 
Mineral  salts  in  solution,  such  as  sodic  chloride  or  calcic 
sulphate,  are  at  most  only  partially  removed  by  filtra- 
tion. Asa  rule,  however,  hardness  is  lessened,  together 
with  the  nitrites  and  ammonia.    Nitrates  are  intjreased. 

For  domestic  filtration  a  sand  filter  capable  of 
removing  suspended  matters  and  some  of  the  organic 
impurity  may  be  constructed  like  a  miniature  filter- 
bed,  in  an  ordinary  flower-pot,  with  or  without  the 
addition  of  a  layer  of  animal  charcoal  (6-12  inches 
of  fine,  sharp  sand,  superimposed  on  an  inch  or  two 
of  small  gravel).  Sponge-filters  have  deservedly 
fallen  into  disrepute  ;  they  remove  suspended 
matters,  but  become  foul,  and  harbour  organisms. 
Carbon  is  the  commonest  of  all  filtering  media ; 
and  animal  charcoal  is  believed  to  have  a  far  greater 
purifying  effect  than  vegetable  charcoal.  Many 
efficient  patterns  of  filters  are  made  essentially  of 
animal  charcoal ;  others  depend  upon  silicated  carbon, 
manganous  carbon,  magnetic  carbide  of  iron,  or  "  car- 
feral"  (charcoal,  iron,  and  clay).  Maignen's  "filtre 
rapide  "  has  no  carbon  block,  but  the  water  is  made  to 
pass  through  a  mixture  of  powdered  charcoal  and  lime 
(carbo  calcis)y  supported  upon  an  asbestos  cloth  ;  like 
other  animal  charcoal  filters,  it  seems  to  have  the 
power  of  removing  lead.  The  medium  can  be  renewed 
without  difficulty.  Bischof  s  spongy- iron  filter,  besides 
removing  the  organic  matter,  lessens  the  hardness,  and 
often  reduces  nitrates  to  ammonia. 

Ordinary  domestic  filters  do  not  completely  remove 
microbes,  and,  indeed,  some  charcoal  filters  appear  to 
increase  the  number  of  bacteria  in  water  passed 
through  them.  This  is  owing  to  the  fact  that  char- 
coal may  add  nitrogen  and  phosphates  to  "watet^  '^^^Oa. 
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are  both  nutritive  substances  on  which  bacteria 
flourish,  and  may  absorb  impurities  from  the  air,  and 
thus  favour  the  growth  of  organisms  in  its  substance. 
To  remove  all  bacteria,  filters  of  a  different  class  are 
required,  with  excessively  fine  poi*es  through  which 
water  can  be  forced  under  pressure,  without  per- 
mitting microbes  to  pass.  Pasteur- Chamber] and's, 
compost  of  porcelain  formed  by  a  mixture  of  kaolin 
and  other  clays,  is  the  best  example  of  this  kind 
( Woodhead,  Horrochs) ;  the  Berkefeld  filter,  somewhat 
similar,  is  made  of  infusorial  earth.  If  much  organic 
pabulum  be  present  in  the  water,  or  the  filter  be  used 
intermittently,  or  the  water  forced  through  it,  even 
filters  of  this  kind  are  not  proof  against  microbes 
growing  through ;  and  periodic  sterilisation  by  steam 
or  boiling  is  therefore  necessary.* 

Filtration  upon  a  large  scale  is  necessary  when  a 
public  water-supply  is  turbid  or  impure.  The  "  filter- 
beds  "  constructed  for  this  purpose  are  essentially  shal- 
low reservoirs,  one  or  two  feet  of  water,  under-drained 
by  perforated  or  loosely-jointed  pipes,  to  reach  which 
the  water  passes  downwards  through  successive  layers 
of  fine  sand,  coarse  sand,  oyster  shells,  fine  gravel, 
coarse  gravel,  and  pebbles,  the  total  thickness  being 
several  feet.  Vents  are  carried  from  the  deeper  layers 
to  above  the  surface  of  the  water,  to  allow  of  the  escape 
of  the  air  displaced  by  the  water  as  it  first  descends. 
From  time  to  time  the  beds  are  run  dry,  for  the  purpose 
of  aeration ;  and  occasionally  they  are  cleansed  by 
scraping  off  the  sediment  and  a  little  of  the  superficial 
fine  sand,  fresh  sand  being  added  when  necessary. 
The  suspended  impurities  are  strained  off  by  the  upper 

*A  filter  (other  than  Bischors)  should  be  emptied  from  time  to  time  to 
promote  aeration,  and  requires  frequent  cleansing  and  occasional  renewal 
of  the  carbon  or  other  medium.  Cleansing  may  be  effected  by  scrubbing 
the  carbon  block,  if  removable,  then  running  an  acid  solution  of  potassium 
permanganate  through  it,  followed  by  copious  washing  with  very  weak 
hydrochloric  acid,  and  finally  several  gallons  of  water. 
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portion  of  the  filter,  and  a  certain  degree  of  oxidation 
of  organic  matter  is  effected  by  the  aid  of  nitrifying 
organisms.  Hardness  is  diminished  somewhat,  and 
iron  is  removed.  It  has  been  shown  that  filtration 
through  sand  removes  95  to  99  per  cent,  of  the  microbes 
present  in  water  (80  per  cent,  of  the  bacteria  removed 
were  found  in  the  upper  inch  of  sand,  and  55  per  cent, 
in  the  upper  quarter  inch).  If  the  gelatinous  film 
which  forms  at  the  surface  of  the  filter  is  not  dis- 
turbed, and  if  the  speed  of  filtration  does  not  exceed 
4  inches  per  hour,  practically  all  the  microbes  are 
arrested.  Those  in  the  effluent  come  from  the  filter 
itself,  and  should  not  exceed  100  per  c.c.  (Koch.) 
Frankland  holds  that  the  efficiency  of  sand  filtration 
depends  upon  (a)  the  storage  capacity  of  the  unfiltered 
water,  for  purposes  of  subsidence  by  sedimentation ; 
(h)  the  thickness  of  fine  sand  through  which  the 
filtration  is  carried  on ;  (c)  rate  of  filtration ;  and 
(d)  the  renewal  of  the  filter  bed.  The  gelatinous  film 
on  the  surface  of  the  filter  is  the  vital  layer  where  the 
process  of  nitrification  and  arrest  of  bacteria  goes  on, 
and  it  is  there  that  the  filter  exerts  its  chief  eflect.  It 
may  therefore  be  said  that  sand  filtration  depends 
upon  four  processes  :  first,  there  is  subsidence  of  the 
grosser  particles  of  impurity  in  the  settling  tank ; 
secondly,  there  is  mechanical  obstruction  to  impuri- 
ties in  the  interstices  of  the  filter ;  thirdly,  there  is 
oxidation  of  organic  matter  in  the  pores  of  the  filter- 
bed  ;  and  fourthly,  micro-organisms  in  the  vital  layer 
on  the  surface  of  the  filter  carry  on  the  process  of 
nitrification.  The  efficacy  of  the  filtration  can  only 
be  measured  by  periodical  bacteriological  and 
chemical  examinations.  The  former  should  include 
an  estimation  of  the  number  of  B.  coli  present  per  c.c. 
Other  materials  may  be  employed  in  the  construc- 
tion of  filter-beds,  such  as  magnetic  carbide  of  iron 
covered  by  a  layer  of  sand  to  intercept  t\i^  ^ws^^tAr^ 
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impurities.  Such  a  filter-bed  must  be  worked  slowly 
and  intermittently,  so  as  to  renew  the  agration.  Spongy 
iron  can  be  used  on  the  large  scale,  or  "batteries" 
of  Chamberland's  filters.  At  Antwerp  "revolving 
puri6ers  '*  are  used — cylinders  containing  small  loose 
pieces  of  spongy  iron,  and  having  many  projections 
from  the  inner  surface.  Their  long  axis,  upon  which 
they  rotate,  is  horizontal  or  inclined,  and  the  surfaces 
of  the  iron  masses  inside  are  kept  constantly  bright  and 
clean  by  mutual  friction.  Water  is  passed  slowly 
through  the  cylinders  as  they  revolve,  and  is  exposed 
to  the  action  of  the  constantly  fresh  iron  surfaces. 
Subsequently  sand  filtration  is  used  to  remove  the 
iron.  Metal  cylinders  containing  filtering  material 
(known  as  "scrubbers"),  polarite,  sand  and  polarite 
mixed,  etc.,  have  also  been  used  for  filtration  of 
water. 

If  the  source  of  supply  is  a  river,  storm-  or  flood- 
water  should  be  excluded.  A  preliminary  purifica- 
tion by  subsidence  tanks  may  be  beneficial,  and  float- 
ing matters  may  be  excluded  by  admitting  the  water 
from  the  river  through  a  submerged  sluice. 

Examination  op  Water. 

Collection  of  samples. — The  amount  required 
depends  upon  the  mode  of  analysis  to  be  adopted. 
Half  a  gallon,  or  2  J  litres,  will  suffice  for  almost  all 
purposes,  and  this  quantity  is  held  by  an  ordinary 
stoppered  "  Winchester  Quart."  The  bottle  is  rinsed 
out  with  a  little  hydrochloric  acid,  and  then  with  water 
until  the  rinsings  are  no  longer  acid.  At  the  time  of 
collection  it  is  again  rinsed  with  sample  water,  and  then 
filled  up  to  the  neck.      The  stopper  should  be  tied  in. 

In  order  to  obtain  a  fair  sample,  it  is  well,  in  the 
case  of  rivers  or  ponds,  to  plunge  the  mouth  of  the 
bottle  under  the  surface  of  the  water,  at  a  distance 
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from  the  margin,  so  as  to  exclude  scum  and  debris y 
care  being  taken  not  to  stir  up  any  sediment.  Tap 
water  should  be  allowed  to  run  for  some  time  before 
sampling,  unless  it  is  desired  to  ascertain  the  maximum 
impurity. 

Accompanying  the  sample  should  be  a  more  or  less 
full  statement  of  its  source.  For,  in  addition  to  a 
chemical  and  bacteriological  report  of  a  water,  there 
should  also  be  made  a  careful  examination  of  the 
gatliering  ground.  The  physical  configuration  of  the 
gathering  ground,  its  subsoil  (the  occurrence  or  other- 
wise of  peat),  its  geology,  its  rainfall,  its  relation  to 
the  slopes  which  it  drains,  the  nature  of  its  surface, 
the  course  of  its  feeding  streams,  and  the  absence  or 
presence  of  vegetation  and  cultivated  areas,  of  roads, 
of  houses,  of  farms,  of  human  traffic,  of  cattle  and 
sheep — all  these  points  should  be  noted,  and  their 
influence,  direct  or  indirect,  upon  the  water  carefully 
borne  in  mind. 

When  the  sample  has  been  duly  collected,  sealed, 
and  a  label  affixed  bearing  the  date,  time,  and  condi- 
tions of  collection  and  full  address,  it  should  be 
transmitted  (preferably  in  an  ice-box)  with  the  least 
possible  delay  to  the  laboratory,  in  order  that  the 
examination  may  be  made  immediately. 

Physical  characters. — Water  should  be  clear 
and  bright,  free  from  turbidity  or  smell,  and  have  a 
fresh  agreeable  taste,  without  perceptible  saline  or 
other  accessory  character..  The  colour,  as  seen  by 
looking  down  upon  a  white  surface  through  a  column 
of  the  water  two  feet  in  depth,  should  be  clear,  or 
slightly  green,  or  blue ;  a  yellow  or  brown  tint  raises 
suspicion  of  organic  pollution. 

Natural  Waters  may  contain — 

I71  8U8pe7i8ion — Particles  of  animal,  vegetable, 

and  mineral  ori^xi. 
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Microbes,  and  other  living  organ^ 
isms,  animal  and  vegetable. 

In  solution — Gases. 

Mineral  salts. 

Soluble  organic  matter  of  animal 
and  vegetable  origin. 

Suspended  matters.  —  The  water  should  be 
allowed  to  stand  for  a  day  in  a  tall  glass,  and  the  sedi- 
ment then  examined  under  the  microscope.*  Particles 
of  sand  have  a  sharp  angular  outline.  Fragments  of 
chalk  and  clay  are  amorphous,  but  a  drop  of  acid  in- 
troduced beneath  the  cover-glass  will  dissolve  chalk, 
leaving  clay  unaffected.  Shreds  of  cotton  or  linen  are 
easily  recognised  under  the  microscope,  and  so  are 
fragments  of  leaves,  woody  fibre,  and  other  vegetable 
tissues,  if  not  so  decomposed  as  to  be  apparently 
structureless.  Hair,  wool,  fragments  of  insects,  and 
even  epithelial  scales  may  be  found  ;  brown  globular 
bodies  attributed  to  sewage  contamination  are  some- 
times seen  in  polluted  water. 

For  the  most  part  suspended  matters  can  scarcely 
be  deemed  injurious  ;  but  some  of  them,  cotton  fibres 
for  example,  may  supply  important  evidence  of  pollu- 
tion by  household  waste,  or  even  sewage. 

JLIvini^  orf^anisms. — Rhizopoda,  Infusoria,  Hy- 
drozoa,  Rotifera,  Scolecida,  Entomostraca,  and  Insecta 
are  found  in  water,  together  with  Fungi,  Algae,  Diato- 
maceae,  and  many  other  organisms.  For  the  most 
part  these  are  believed  to  be  harmless  in  themselves, 
though  Infusoria  (e,g.  Paramecium,  Vorticella)  and 
Fungi  indicate  the  presence  of  impurities,  and  a 
relatively  large  number  or  amount  of  vegetable  or 

*  One  form  of  sediment  tube  is  shaped  like  a  pipette,  the  point  of 
which  fits  accurately  into  a  little  glass  cup  wherein  the  sediment 
collects.  Finally  a  long  rod  is  passed  down  the  tube  so  as  to  stopper  it 
from  the  inside  at  the  point.  The  cup,  containing  the  sediment  and  about 
1  CO.  of  water,  can  then  be  removed  for  examination. 
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animal  forms  of  life  indicate  the  presence  of  organic 
pabulum  for  their  sustenance.  Among  the  parasites 
that  are  believed  to  be  conveyed  by  water  are 
certain  tapeworms,  the  Guinea-worm,  Dochmiua  duo- 
denalis,  Bilharzia,  and  leeches.  They  may  be  found 
in  the  adult  or  embryonic  form,  or  as  ova. 

Bacteria  In  Water.— In  all  surface  waters 
bacteria  abound,  and  they  are  often  present  in  small 
numbers  in  deep-well  or  spring  waters.  Water 
bacteria  include  micrococci,  spirilla  and  bacilli,  the 
last  being  by  far  the  most  common  gix)up.  They 
multiply  in  water  with  great  rapidity.  If  a  sample 
of  ordinary  water  be  allowed  to  stand,  it  will  be 
found  that  in  24  hours  there  has  been  enormous 
multiplication,  which  continues  for  three  or  four  days, 
until  there  may  be  hundreds  of  thousands  or  perhaps 
millions  of  bacteria  in  a  cubic  centimetre  ;  then,  the 
pabulum  and  volume  of  water  remaining  the  same, 
there  will  be  a  diminution,  until  in,  say,  two  or  three 
months'  time  there  will  be  in  all  probability  few  or 
none.  In  a  general  way  it  may  be  said  that  foul 
waters  rich  in  putrescible  animal  matter  show  a  very 
rapid  increase  of  bacteria;  surface  waters,  such  as 
river  water,  show  a  slow  and  persistent  multiplication 
of  organisms ;  whereas  deep- well  waters  and  spring 
water  show  comparatively  little  increase  in  contained 
bacteria.  The  three  chief  conditions  affecting  multi- 
plication of  bacteria,  with  few  exceptions,  are  (a) 
temperature,  (b)  period  of  time  of  standing,  and  (c) 
pabulum  in  the  water. 

HTumber  of  Bacteria  In  Heater.— Deep- 
well  water  generally  contains  but  few  bacteria  (say 
1-10)  per  c.c.  River  water  varies  in  its  bacterial 
content  according  to  season  (i.e.  temperature)  and 
according  to  degree  of  pollution  of  the  river  (i.e. 
organic  pabulum ).  Crookes  and  Dewar  found  unfil tered 
Thames  water  in  June,  1904,  contained  ft%^  \>«k.^\i^x\». 


56  Hygiene  and  Public  Health,    [Chap.  hi. 

per  c.c.  (filtered,  20),  but  in  December,  5,875  per 
c.c.  (filtered,  29).  In  1903,  a  year  of  exceptionally 
heavy  rainfall,  and  therefore  of  much  surface  pollu- 
tion of  the  Thames,  the  number  of  bacteria  in  June, 
when  the  average  would  under  ordinary  circumstances 
have  been  low,  was  10,337  per  c.c.  ;  in  October  of  the 
same  wet  year  the  number  reached  16,671,  and  in 
December  27,216.  Fet  after  this  water  had  passed 
through  the  filters  the  number  was  reduced  to  42,  66, 
and  37  bacteria  per  c.c.  respectively.  Prausnitz  has 
shown  that  waters  differ  in  bacterial  content,  as  would 
be  expected,  according  to  the  locality  in  the  river  at 
which  examination  is  made.  His  investigations  were 
made  from  the  Isar  before  and  after  it  receives  the 
drainage  of  Munich,  with  the  following  results  : — 


Above  Munich         

Near  the  entrance  of  principal  sewer 
Thirteen  kiometres  below  Munich 
Twenty-two      „  „ 

Thirty-three      „  „ 


531  bacteria  per  c.c. 
227,869        „  „ 

9,111        » 
4,796 

2,878        ,,  ,, 


In  this  country  many  similar  investigations  have  been 
made.     In  1901  Boyce  found  in  the  Severn  : 

Two  miles  above  Shrewsbury  7,000  bacteria  per  c.c,  including  13  B.  coli. 
Opposite  Shrewsbury  ..   13,000       ,,         ,,        „  46       „ 

Cue  mile  and  a  halflower  down  23,000       .,         „        „  321        „ 

Two  miles  and  a  half     „  19,000        ,,         „        „  600        ,, 

Nine  miles  „  13,000        „         „        „  48        „ 

Sixteen  miles  ,,  5,000       „         „       ,,  36       „ 

From  these  and  many  similar  records  it  is  evident 
that,  in  the  result,  the  number  of  bacteria  in  river 
water  depends  upon  a  variety  of  circumstances, 
amongst  which  the  most  important  direct  conditions 
are  (1)  local  pollution  ;  (2)  natural  purification  ;  (3) 
season  and  rainfall,  and  (4)  sedimentation  and  filtra- 
tion. Behind  these  direct  conditions  we  also  know 
that  time,  temperature,  light,  exposure  to  air,  etc., 
exert  more  or  less  influence. 

There  is  no  hard  and  fast  rule  as  to  how  many 
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bacteria  a  potable  water  should  contain,  as  the  kind 
of  bacteria  and  the  relative  abundance  of  each  species 
are  more  important  data  than  actual  numbers.  Koch, 
however,  has  suggested  100  bacteria  per  c.c.  as  a 
maximum  number  for  a  properly  filtered  water. 
Mac6  proposed  a  standard  of  0-60  per  c.c.  as  "  very 
pure,"  and  50-500  per  c.c,  as  "  good  water."  Esti- 
mations of  water  based  only  upon  counting  "  colonies  " 
of  bacteria  in  plate  cultures  are  of  little  value,  but 
other  things  being  equal  and  constant,  a  small  number 
of  organisms  tends  to  indicate  a  small  degree  of 
organic  pollution  and  conditions  ui^avourable  to  the 
multiplication  of  bacteria.  Broadly,  it  is  true  that  a 
water  containing  a  large  degree  of  organic  matter,  the 
pabulum  of  bacteria,  will  contain  a  higher  number  of 
bacteria  than  a  water  containing  a  low  degree,  and 
this,  of  course,  is  the  scientific  reason  for  quantitative 
estimations. 

Species  of  bacteria  in  water.-<-There  are 
three  chief  groups  of  water  bacteria,  as  follows  : — 

(i.)  Ordinary  water  bacteria^  including  the  fluores- 
cent bacilli,  liquefying  and  non-liquefying,  many  of 
the  common  chromogenic  organisms,  and  organisms  of 
air  and  soil.  They  are  of  little  importance  unless 
present  in  large  numbers,  and  they  possess  no 
pathogenic  power. 

(ii.)  Sewage  bacteria,  including  B,  coli  communis  and 
its  allies,  iheFroteus  family,  B.  enteritidis  sporogenes  of 
Klein,  and  certain  streptococci  and  staphylococci.  The 
most  important  member  of  this  group  is  B.  coli.  This 
is  a  motile,  non-spore-bearing  bacillus,  possessing  a 
limited  number  of  flagella,  capable  of  fermenting 
glucose  and  lactose,  of  curdling  milk  with  the  pro- 
duction of  acid,  of  forming  indol  in  broth  culture, 
reducing  neutral  red  broth  with  the  production  of  a 
green  fluorescence,  producing  gas-bubblea  iiv  Tv\x\iv\few\» 
gelatine,  forming  a  more  or    less   browmsYv    ^\rQW^i^Kv 
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on  steamed  potato,  and  producing  on  the  surface  of 
gelatine  a  dry,  translucent  growth  which  does  not 
liquefy  the  medium.  The  bacilli,  under  the  micro- 
scope, appear  as  cylindrical  rods,  showing  more  or 
less  motility,  having  a  few  short  flagella,  and  they  do 
not  stain  by  the  method  of  Gram. 

The  important  point  is  the  differential  diagnosis 
of  B,  col%  and  the  following  characters  are  now 
chiefly  relied  upon: — 1.  The  B.  coli  group  is  non- 
sporing  and  non-liquefying.  2.  The  members  of  the 
group  rarely  stain  by  Gram's  method.  3.  They  pro- 
duce acid  and  |[as  with  both  glucose  and  lactose. 
4.  They  produce  acid  in  milk,  and  they  usually  also 
coagulate  it.  5.  They  produce  acid  and  gas  in  bile- 
salt-glucose- broth.  G.  They  grow  well  at  a  tempera- 
ture of  24°  C.  Other  fairly  reliable  features  are 
motility,  a  small  number  of  flagella,  a  fairly  typical 
growth  on  potato,  and  more  rapid  development  on 
all  media  than  the  typhoid  bacillus.  It  is  also 
desirable  to  remember  the  characteristics  of  the 
three  groups  of  bacilli  most  readily  confused  with 
the  coli  group.  These  with  their  characteristics 
are  as  follows  : — 

(a)  The  Proteus  gi'oup,  the  members  of  which  are 
motile,  liquefy  gelatine,  produce'  gas  in  glucose  and 
sacrose  but  not  in  lactose,  curdle  and  acidulate  milk 
very  slowly,  and  usually  produce  indol ;  (6)  the  group 
including  B.  lactis  aeroyenes^  non-motile  bacilli, 
which  do  not  liquefy  gelatine  but  which  curdle 
and  acidulate  milk  and  ferment  sugars  other  than 
glucose ;  and  (c)  the  enteritidis  group,  containing  bacilli 
which  are  motile,  which  only  ferment  glucose,  and 
which  do  not  liquefy  gelatine  or  curdle  milk,  which  is 
ultimately  rendered  alkaline.  This  group  includes 
B,  enteritidis  of  Gaertner,  the  paracolon  and  the 
paratyphoid  bacilli. 

Streptococci  in  water  usually  denote  recent  and 
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dangerous  pollution  of  water  with  sewage  matter. 
They  are  absent  from  even  large  quantities  of  pure 
water  and  from  virgin  soils. 

(iii.)  Patlwgenic  bacteria  occur  in  water  oc- 
casionally. The  two  chief  types  are  the  typhoid 
bacillus  and  the  cholera  bacillus.  These  diseases 
and  their  causal  organisms  are  dealt  with  sub- 
sequently. As  a  rule  pathogenic  germs  occur  in 
water  scantily  and  intermittently.  They  gain 
access  at  the  source  or  gathering  ground,  in  the 
course  or  from  drainage  and  sewers,  or,  thirdly,  in 
the  home  of  the  consumer. 

Bacteriological  Examinatioii  of  IFater.^— 

Strict  cleanliness  must  be  observed  in  collecting  samples  for 
bacterioscopic  examination.     Only  sterilised  vessels  or  flasks 
must  be  used  (by  heating  to   150°  C  for  2-3  hours)  and  great 
care  must  be  taken  in  manipulation  at  time  of  collecting  the 
sample  in  order  to  avoid  the   smallest  degree  of  external 
pollution.    The  object  of  bacteriological  examination  of  water 
is  fourfold,     (a)  The  enumeration  of  the  bacteria  present  on 
a  medium  incubated  at  room  temperature    (18-22*^0.);    {b) 
Search  for  B.  coli  and   its  identification   and  enumeration  if 
present;  (c)  Enumeration' of  bacteria  capable  of  growing  at 
blood-heat  (36-38**  C);    (^    Search  for  and  enumeration  of 
streptococci.     Small  quantities  of  the  water  to  be  examined 
(0-1,  0-2  or  0*3   c.c.)  are  added  to  tubes  of  sterile  liquefied 
gelatine,  which  are  then  poured  into  sterilized  Petri  dishes  or 
flat  glass  plates.     The  gelatine  solidifies,  and  the  plates  are 
incubated  at  20^-22®  C.  and  examined  day  by  day.      Soon 
after  the  lapse  of  24  hours,  colonies,  arising  from    original 
individual  bacteria,  appear.     These  are  examined  by  naked  eye 
and  microscope,  and  subcultures  made  in  test-tubes  containing 
suitable  media— gelatine,  broth,  milk,  agar,  potato,  blood  serum, 
etc.     Thus  the  number  of  organisms  per  c.c.  can  be  estimated, 
and  the  species  isolated   and  separately   studied  in    "  pure 
culture"  under  favourable  conditions.     Aarar  plates  should 
also  be  made  for  incubation  at  blood  heat.     Slide  preparations, 
stained  or  unstained,  can  be  made  for  microscopical  examina- 
tion.    This  is  the  ordinary  plate  method  of  examination  of 
water,  and  should  as  a  rule  be  followed. 

Some  bacteriologists  prefer  to  take  a  sterilva^d.  ^^TcVal"^^ 
filter  and  pump  or  aspirate  through  it  \,000-'i,^^^  e c  o\  VX^^ 


6o  HvGiBifR  AND  Public  Health.    [Chap.  iii. 

water  under  examination,  and  with  a  sterilised  brush  transfer 
the  particulate  matter  which  has  collected  on  the  caudle  of  the 
filter  into  10  c.c.  of  water  or  broth.  This  is  now  a  con- 
centration or  emulsion  of  the  organismal  content  of  the 
water,  and  may  be  plated  out  as  above  or  examined  for  special 
organisms  (B.  enteritidis  sporogenes,  B.  coli,  B.  typhosus, 
streptococci,  or  sewagre  organisms). 

Other  bacteriologists,  aiming  only  at  the  detection  of 
organisms  of  intestinal  type,  or  B.  coli  or  the  spores  of 
B.  enteritidis  sporogenes,  adopt  the  method  of  (a)  inoculating 
bile-salt-broth  cultures  with  1-20  c.c.  of  the  water  to  be 
examined ;  after  24  hours  the  tube  containing  the  smallest 
quantity  of  water  showing  acid  and  gas  is  selected  for  further 
examination.  If,  after  48  hours,  there  is  no  such  reaction,  no 
further  examination  is  made,  (i)  A  smiU  quantity  of  the 
culture  is  added  to  10  c.c.  sterilised  water,  and  a  loopful 
of  the  mixture  spread  over  a  plate  of  bile-salt-lactose-peptone 
agar,  containing  neutral  red,  and  made  f<iintly  alkaline  to 
litmus.     Any  growth  is  subcultured  for  diagnostic  purposes. 

Oases  ill  \¥ater. — A  litre  of  v^^ater  can  dissolve 
25  c.c.  of  oxygen,  46  c.c.  of  nitrogen,  and  1,000  c.c.  of 
carbonic  acid  at  ordinary  temperature  and  pressure. 
These  gases  are  usually  present  in  natural  waters, 
but  the  proportions  are  very  variable,  being  largely 
dependent  upon  the  source  of  the  water,  the  degree 
of  pollution  and  of  exposure  to  air,  an^  also  upon 
vegetable  growth  ;  chalk  and  limestone  waters  contain 
excess  of  carbonic  acid.  The  gases  in  a  pure  water  often 
contain  30  per  cent,  of  their  volume  of  oxygen. 
They  may  be  extracted  for  the  purpose  of  quantitative 
analysis  by  means  of  a  Sprengel  pump,  or  by  boiling 
the  water  for  an  hour,  and  collected  over  a  mercurial 
trough.  Potash  will  then  absorb  the  carbonic  acid, 
and  potassium  pyrogallate  or  sodium  hyposulj)hite  will 
remove  the  oxygen,  leaving  a  residue  of  nitrogen  alone. 

For  the  determination  of  oxygen  alone,  Thresh  adds 
measured  quantities  of  sulphuric  acid,  sodic  nitrite,  and 
potassic  iodide,  to  a  measured  volume  of  water  (about  250  c.c), 
m  a  vessel. which  must  be  full  to  the  stopper,  so  as  to  exclude 
atmospheric  oxygen.     The  nitrous  acid  acts  as  a  "  carrier  *' 
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until  all  the  dissolved  oxygen  is  exhausted,  liberating  a 
proportionate  amount  of  iodine.  The  water  is  then  run  into  a 
bottle,  through  which  a  current  of  coal  gas  is  being  passed,  and 
standard  hyposulphite  is  added  from  a  burette  until  the  yellow 
colour  due  to  iodine  disappears,  the  final  point  being  accurately 
determined  by  adding  a  little  starch,  which  gives  a  blue  colour 
as  long  as  any  trace  of  free  iodine  remains.  The  hyposulphite 
solution  is  of  such  strength  (7*75  grammes  per  litre)  that  1  c.c. 
corresponds  to  \  mgr.  of  oxygen.  A  correction  is  required  for 
the  oxygen  contained  in  the  reagents  used,  a  blank  test  being 
made  for  the  purpose.  The  amount  of  dissolved  oxygen  per 
litre  of  water  is  then  readily  calculated. 

Sulphuretted  hydrogen  or  marsh  gas  may  be  found, 
the  former  due  to  mineral  sulphides  such  as  pyrites, 
or  to  decomposition  of  sulphates  by  organic  matter,  the 
latter  to  fermentation  of  vegetable  matter  in  stagnant 
pools,  or  to  pollution  by  coal-gas.  Traces  of  ammonia 
are  usually  present. 

Well  aerated  waters  are  bright,  lustrous,  and 
agreeable  to  the  palate.  This  is  especially  the  case 
with  water  from  wells  or  springs,  of  medium  depth,  in 
calcium  carbonate  formations — the  low  temperature  and 
greater  pressure  combining  to  increase  the  charge  of 
carbonic  acid.  The  absence  of  dissolved  gases  in  dis- 
tilled water  renders  it  flat,  dull,  and  unpleasant  to  taste. 

mineral  salts  are  derived  from  the  strata  with 
which  the  water  has  boen  in  contact.  They  may 
include  chlorides,  sulphates,  carbonates,  silicates, 
nitrates,  nitrites,  and  phosphates,  the  bases  being  lime, 
magnesia,  soda,  potash,  alumina,  or  iron,  and  more 
rarely  lead,  zinc,  copper,  manganese,  or  arsenic. 

The  proportion  of  salts  present  ranges  from  prac- 
tically nil  in  rain-water,  or  pure  moorland  water,  to 
300,  or  more,  parts  per  100,000  in  "mineral  "  waters 
or  brackish  water  from  the  coast.  In  water  for  drink- 
ing it  should  not  exceed  40  parts  per  100,000,  and  a 
good  water  will  not  contain  more  than  10  parts.  An 
excess  of  mineral  salts  in  general  leads  to  di^'Si^^A.N^ 


62  Hygiene  and  Public  Health,   [Chap.  iii. 

disturbances,  in  the  form  of  dyspepsia,  diarrhoea,  or 
constipation  ;  but  this  offt^ct  is  largely  dependent  upon 
the  nature  of  the  salts  present. 

Clilorldes,  estimated  as  chlorine,  may  reach  the 
proportion  of  10  parts  per  100,000  in  organically 
pure  water  from  the  New  lied  Sandstone,  Greensand, 
and  other  saliferous  formations.  Brackish  water  and 
sea  water  contain  excess  of  chlorine.  In  general,  how- 
ever, good  waters  contain  not  more  than  about  2  or  3 
parts  per  100,000,  and  rain-water  and  peaty  waters 
little  or  none.  Water  from  surfaces,  shallow  wells, 
or  other  sources  open  to  contamination  should  be 
regarded  with  suspicion  if  it  contains  more  than  10 
parts  of  chlorine,  especially  if  there  is  also  excess  of 
organic  matter  or  oxidised  nitrogen,  all  these  being 
significant  of  sewage  or  animal  pollution. 

Tests. — I.  Qaalitative. — A.  solution  of  silver  nitrate  gives 
a  turbidity  with  about  6  j^arts,  and  a  precipitate  with  about 
16  parts  per  100,000. 

II. —  Quantxtaiivc. — A  standard  solution  of  silver  nitrate  is 
employed,  containing  4*788  grms.  per  litre,  so  that  each  c.c. 
corresponds  to  1  mgr.  of  chlorine,  according:  to  the  equation 
AgNOg  +  NaCl  =  NaNOg  +  AgCl.  A  hundred  c.c.  of  sample 
water  are  taken  in  a  white  porcelain  dish,  a  few  drops  of  a 
solution  of  potassium  chromate  are  added  as  an  "  indicator,**  and 
the  silver  solution  is  then  dropped  in  from  a  burette,  with 
constant  stirring,  until  a  faint  permanent  red  tinge  appears, 
showing  that  the  chlorine  is  exhausted,  and  silver  chromate 
is  beginning  to  be  formed  in  place  of  chloride..  If  the  100  c.c. 
of  sample  w^ater  take  x  c.c.  of  silver  solution  before  the  red 
tint  appears,  there  are  x  mfp:.  of  chloiine  in  the  100  c.c,  and, 
therefore,  a?  x   10  mgrs.  per  litre.* 

Sulphates  are  usually  estimated  as  sulphuric 
anhydride,  SOg.  The  most  important  are  calcium  and 
magnesium  sulphate,  which  are  liable  to  cause  dyspepsia 
and   diarrhoea  in  persons   unaccustomed    to  the  use 

•  1  mgr.  per  litre  =  O'l  pai-t  per  100,000,  and  1  grain  per  gallon  =  1  part 
per  70,000.  Hence  x  grains  per  gallon  =  i|p  x  mgrs.  per  litre,  and  %  mgis. 
per  litre  =  i5o  V  Srs.  per  gallon. 
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of  water  containing  these  salts.  Hence  limestone  and 
dolomite  waters,  which  may  hold  5  to  20  parts  per 
100,000  of  calcium  sulphate,  are  less  wholesome  than 
chalk  water,  which  contains  none.  Dolomite  water 
differs  from  limestone  water  in  containing  magnesium 
sulphate,  but  less  calcium  sulphate.  Some  waters  con- 
tain sodium  sulphate.  The  acidity  of  certain  peaty 
moorland  watei*s  that  act  upon  lead  has  been  attri- 
buted to  the  formation  of  acid  sulphates  by  the 
oxidation  of  sulphides  (pyrites)  or  of  sulphurous  acid 
absorbed  from  smoky  air. 

• 

Tests. — I.  Qualitative, — A.  solution  of  barium  chloride  with  a 
few  drops  of  hydrochloric  acid  will  give  a  white  precipitate. 

II. — Quantitative. — 200  c.c.  of  sample  water  are  boiled, 
treated  with  a  little  hydrochloric  acid,  and  slight  excess  of 
bMrium  chloride  solution,  and  then  boiled  again  and  filtered. 
The  precipitate  collected  on  the  filter  is  washed,  ianited, 
and  weighed  as- barium  sulphate,  BaS04.  Given  the  weight  of 
BaS04  from  200  c.c,  the  corresponding  proportion  of  SO3  per 
litre  will  be  readily  calculated. 

Carbonates.  —  Soluble  calcium  bicarbonate, 
CaHo(C03).3,  is  found  in  almost  all  well  and  spring- 
waters.  It  occurs  in  excess  in  chalk,  limestone,  and 
dolomite  water,  but  it  is  wanting  in  rain  and  peaty 
water.  It  is  precipitated  by  boiling,  in  the  form  of 
normal  calcium  carbonate,  CaCO^.  Magnesium  bicar- 
bonate, MgH2(C03)o,  found  in  dolomite  water,  behaves 
similarly,  but  partially  redissolves  on  cooling.  Sodium 
carbonate  is  occasionally  found  in  natural  waters, 
and  may  give  them  an  alkaline  reaction.  Free 
carbonic  acid  exists  in  all  waters,  and  if  in  excess 
renders  them  sparkling  and  palatable.  Apart  from 
this,  the  importance  of  the  carbonates  in  water 
depends  entirely  upon  the  bases  they  contain.  The 
determination  of  temporary  hardness  will  show  the 
amount  pf  calcium  and  magnesium  carbonates. 
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Silicates    of  soda  or   alumina  are  occasional] j 
found  in  water. 

Test. — Half  a  litre  of  sample  water  is  evaporated  to  dry- 
ness ;  the  residue  in  acted  upon  by  strong  hydrochloric  acid,  and 
washed  with  boiling  distilled  water ;  then  it  is  once  more  dried, 
ipfnited,  treated  with  acid,  and  washed  with  boiling  water. 
The  final  residue  is  silica,  and  may  be  weighed  as  such  after 
drying. 

NitraCes  and  nitrites,  like  chlorides,  are  harm- 
less in  themselves,  but  if  found  in  a  water  exposed  to 
risk  of  pollution  may  suffice  to  condemn  it  for  use. 
Nitrates  may  be  found  in  pure  water  from  deep  wells 
in  the  chalk,  but  as  a  rule  they  are  due  to  oxidation 
of  nitrogenous  organic  matter  of  animal  origin.  Even 
if  accompanied  by  only  a  small  proportion  of  organic 
matter,  nitrates  in  water  from  a  source  open  to 
suspicion  must  be  regarded  as  oxidised  filth,  which 
may  at  any  time  be  followed  by  unoxidised  filth. 

Fi'ankland  emphasised  this  view  by  recording  all 
the  inorganic  nitrogen  present, whether  in  the  form  of 
nitrates  or  nitrites,  or  ammonia,  as  due  to  'previous 
setvage  contamination,  irrespective  of  its  probable 
origin,  recent  or  remote.  He  makes  a  deduction, 
however,  of  0*032  part  i>er  100,000,  as  the  average 
amount  of  nitrogen  in  the  rain-water  which  must 
have  been  the  ultimate  source  of  supply.  Average 
Tiondon  sewage  is  estimated  to  contain  about  10  parts 
of  nitrogen  in  100,000  of  sewage,  so  that  1  part  of 
nitrogen  represents  "  previous  sewage  contamination  " 
to  the  extent  of  10,000  parts. 

An  example  will  make  the  mode  of  calculation  clear.  A 
sample  of  water  is  found  to  contain  3*1322  parts  of  oxidised 
nitrogen  {i.f,  nitrogen  as  nitrites  and  nitrates)  per  100,000 
parts  of  the  water ;  and  also  0*0034  part  of  ammonia,  which  is 
obviously  equivalent  to  0*0028  part  nitrogen.  The  **  inorganic 
nitr^^gen"  is  therefore  3*1322  +  0*0028,  or  31350  parts  pr 
100,000.    From  this  must  be  deducted  0*032,  as  a  correction 
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for  the  nitrogen  in  average  rain-water,  leaving  3*1030  inor- 
ganic nitrogen,  and  this  multiplied  by  10,000  gives  31,030  (per 
100,000)  of  **  previous  sewage  contamination.'*  In  other 
words,  if  31,030  parts  of  average  London  sewage  had  been 
diluted  with  68,970  parts  of  average  rain-water,  and  all  the 
nitrogen  then  converted  into  nitrates,  nitrites,  or  ammonia, 
the  result  would  be  a  water  of  the  composition  of  the  sample, 
so  far  as  the  proportion  of  inorganic  nitrogen  is  concerned. 

The  process  of  nitrification,  by  which  nitrogenous 
organic  matter  in  water  or  in  the  soil  is  oxidised, 
with  formation  of  nitrates,  is  due  in  great  measure  to 
the  action  of  microbes.  Under  other  conditions,  which 
are  not  clearly  understood,  nitrates  may  be  reduced  by 
microbes  or  by  contact  with  oxidisable  matter,  yielding 
nitrogen  or  even  ammonia. 

Nitrites,  as  a  rule,  indicate  more  recent  and 
therefore  more  dangerous  pollution  than  can  be 
inferred  from  the  presence  of  nitrates.  They  readily 
pass  into  nitrates. 

A  variety  of  standard  terms  has  been  proposed 
for  the  quantitative  statements  of  nitrates  and  nitrites. 
The  expression  "  oxidised  nitrogen  '*  is  adopted  here, 
and  is  precisely  equivalent  to  "  nitrogen  as  nitrates  and 
nitrites  "  and  to  "  nitric  nitrogen."  "  Previous  sewage 
contamination  "  has  already  been  explained.  Wanklyn 
gives  his  results  in  terms  of  "  nitric  acid/'  HNO3. 

Water  from  springs  and  deep  wells  contains  upon 
an  average  about  5  parts  of  oxidised  nitrogen  per 
million,  shallow- well  waters  from  2  to  200  parts. 

Tests  for  OxmiSED  Nitrogen.* 

I.  Qualitative. 

a.  DipJienylamine  test. — A  2  per  cent,  solution  of  diphenyl- 
amine  in  strong  sulphuric  acid  is  spread  out  in  a  thin 
layer  upon  a  white  porcelain  plate.  A  drop  of  the 
sample  water  is  allowed  to  fall  in  the  centre,  and  any 
trace  of  oxidised  nitrogen  is  revealed  in  a  few  seconds 
by  a  blue  tint  throughout,  or  at  the  line  of  contact, 

•  That  is,  for  nitrates  or  nitrites  iudiffweuW^* 
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/3.  Uorsley^s  teat. — 2  c.c.  of  pure  sulphuric  acid  aro  added 
to  1  C.C.  of  the  water,  and  then  a  drop  of  pyrogallic 
acid  solution.  A  pink  or  blue  tint  appears,  changing 
to  brown ;  it  disappears  momentarily  upon  shaking, 
but  soon  returns. 

y.  Brucine  test, — A  drop  of  pure  sulphuric  acid  and  a 
crystal  of  brucine  added  to  the  dry  residue  of  2  c.c. 
(or  more)  of  the  water  will  give  a  pink  or  yellow  tint 
even  with  minute  traces  of  oxidised  nitrogen. 

II. — Quantitative. 

8.  Aluminium  process. — 2  grammes  of  sodium  are  dissolved 
in  100  c.c.  distilled  water  so  as  to  obtain  a  pure  solu- 
tion of  caustic  soda  free  from  nitrates;  100  c.c.  of 
sample  water  are  added  and  a  piece  of  aluminium  foil. 
In  the  course  of  a  few  hours  all  the  oxidised  nitrogen 
is  converted  into  ammonia,  which  is  distilled  off  and 
Nesslerised.  Each  mgr.  of  ammonia,  after  deducting 
the  free  ammonia  originally  present  in  the  sample, 
corresponds  to  0*82  mgr.  of  oxidised  nitrogen  in  the 
100  c.c.  of  sample. 

e.  Zinc-copper  process. — Zinc  foil  is  coated  with  copper  by 
exposure  to  a  solution  of  copper  sulphate  until  it 
becomes  black.  It  is  then  put  into  a  bottle  with 
250  c.c.  of  the  sample  water  and  0-5  grm.  oxalic  aci'd, 
and  left  for  twenty-four  hours.  As  in  the  aluminium 
process,  all  the  oxidised  nitrogen  is  converted  into 
ammonia  and  measured  as  such  by  Nesslerisingf. 

All  the  preceding  tests  are  for  nitrates  and  nitrites  alike. 
The  following  apply  to  nitrites  only : — 

1.  Ilosvay's  solution,  containing  sulphanilic  and  acetic 
acids  and  napthylamine,  is  an  extremely  delicate  test.  A  few 
drops  added  to  water  give  a  rose  tint  if  any  trace  of  nitrate  is 
present. 

2.  One  drop  each  of  phenol  and  sulphanilic  acid  solution, 
and  then  ammonia,  will  give  a  yellow  colour. 

3.  The  addition  of  starch  solution,  potassium  iodide  solution, 
and  dilute  sulphuric  acid  causes  a  blue  tint,  due  to  liberation 
of  iodine  by  nitrous  acid  and  consequent  formation  of  iodide  of 
starch. 

4.  Meta-phenj'lene-diamine  solution  with  dilute  sulphuric 
acid  (1  c.c.  of  each  to  100  c.c.  of  water)  will  give  an  orange-red 
colour  after  standing  a  few  minutes.     (Griess. ) 
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Phosphates  are  not  of  common  occurrence  except 
in  minute  traces.  They  are,  for  the  most  part,  indica- 
tive of  remote  animal  pollution,  but  their  presence 
need  not  condemn  a  water  if  other  indications  are 
satisfactory. 

Test. — The  water  is  concentrated  to  gV^h,  250  c.c.  being 
boiled  down  to  5  c.c.  Nitric  acid  is  added,  and  then  solution  of 
ammonium  molybdate.  If  phosphates  are  present,  a  yellow 
colour  will  appear,  and,  on  standing,  a  precipitate  of  ammonium 
phospho-moly  bdate. 

Sulpiiides  are  said  to  result  from  the  reduction  of 
sulphates  by  Beggiatoa,  and  perhaps  from  contact  with 
iron  pyrites.  Carbonic  acid  liberates  sulphuretted 
hydrogen  from  sulphides.  They  are  readily  detected 
by  smell,  and  by  the  following  : — 

Testa. — A  solution  of  lead  acetate  (or,  still  better,  a 
solution  of  lead  hydrate  in  caustic  soda)  will  give  a  black 
precipitate  in  presence  of  sulphides. 

A  solution  of  sodium  nitro-prusside  will  give  a  purple  colour 
with  sulphides,  but  not  with  free  sulphuretted  hydrogen.  It 
is  therefore  safer  first  to  add  caustic  alkali. 

Liime  is  the  most  important  of  the  mineral  con- 
stituents of  drinking  water.  It  occurs  mainly  as 
bicarbonate  and  sulphate;  a  good  water  should  not, 
as  a  rule,  contain  more  than  20  parts  per  100,000 
of  the  former,  or  5  of  the  latter.  In  excess  it 
causes  constipation  when  used  for  drinking,  and  is 
wasteful  for  washing  purposes,  since  it  renders 
the  water  extremely  hard  unless  previously  boiled. 
On  the  other  hand,  absence  of  lime  salts  is  held  to  be 
disadvantageous,  because  lime  is  required  in  the  system, 
and  also  for  the  more  practical  reason  that  soft  waters 
are,  as  a  rule,  less  palatable  than  those  of  moderate 
hardness,  and  often  dissolve  lead  from  household  ser- 
vice pipes.  Horses  are  said  to  become  rough  in  the 
coat  if  supplied  with  very  hard  water.  Calcium 
sulphate     is    injurious     (as     already     st3C^d>)^    ^tA 
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affects  lead.  Nitrates,  chlorides,  or  excess  of  carbonic 
acid  have  been  found  to  increase  the  corrosion,  while 
silicates  and  many  other  substances  exert  some  pro- 
tective action. 

The  acid  reaction  and  consequent  intense  plumbo- 
solvent  effect  of  certain  moorland  waters  has  been 
attributed  to  acid  sulphates  (due  to  the  oxidation  of 
iron  pyrites  FeSa  +  HgO  +  70  =  FeSO^  -h  HaSO^), 
to  sulphurous  or  other  acid  in  rain,  or  to  the  in- 
definite acid  compounds  found  in  soil,  and  sometimes 
termed  humic  and  ulmic  acid.  In  some  cases  it  is 
caused  by  excess  of  carbonic  acid ;  but  in  the  main 
the  acidity  is  that  of  peat,  due,  according  to  Houston, 
to  acid  producing  bacteria  in  the  peat.  He  has  shown 
that  a  mixture  of  micro-organisms  obtained  from  peat, 
when  introduced  into  a  sterile  decoction  made  solely 
from  peat,  not  uncommonly  renders  the  peat  decoc- 
tion acid  and  plumbo-solvent  in  character.  Further, 
Houston  has  isolated  two  non-motile,  non-liquefying 
bacteria  from  peat  soil  which  possess  separately  the 
properties  as  regards  acidity  and  plumbo-solvency 
observed  in  the  mixture  of  peat  microbes.  Acidity  in 
water  is  more  marked  in  the  first  flow  when  rain 
follows  drought,  owing  no  doubt  to  the  washing  out  of 
the  acid  accumulated  in  the  peat ;  and  least  marked 
in  dry  weather,  when  the  contrilDution  from  springs  is 
relatively  largest.  Where  peat  is  abundant,  and  springs 
are  relatively  few  and  small,  acidity  and  plumbo- 
solvent  ability  may  be  anticipated.  But  in  the 
absence  of  carbonate  of  lime,  the  power  of  acquiring 
lead  is  shared  in  considerable  degree  by  many  neutral 
and  even  slightly  alkaline  moorland  waters,  including 
those  in  which  the  acid  peat  washings  have  been 
neutralised  by  admixture  with  spring  water.  Tidy 
and  Odling  attributed  the  lead-dissolving  power  to 
the  absence  of  silica,  and  brought  forward  evidence  to 
show  that  this  inverse  relation  holds  good  in  a  number  of 
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water  supplies.  There  are,  however,  many  exceptions. 
Even  distilled  water,  or  solution  of  sodium  carbonate 
in  distilled  water,  will  attack  lead. 

In  1887  Sinclair  White  called  attention  to  the 
prevalence  of  plumbism  among  the  consumers  of  the 
high-level  water  at  Sheffield,  and  disastrous  conse- 
quences have  resulted  in  other  Yorkshire  towns  from 
the  distribution  of  plumbo-solvent  water  through  lead 
pipes. 

Various  remedial  measures  have  been  tried.  One 
plan  is  to  expose  the  water  to  fragments  of  limestone, 
and  conduits  have  been  lined  with  the  same  material, 
but  it  soon  becomes  inert,  owing  to  incrustation, 
and  frequent  renewal  of  the  surface  is  necessary. 
Measured  quantities  of  lime  have  also  been  added 
(2  to  3  grs.  to  the  gallon).  A  more  effective  method 
is  to  add  powdered  chalk  or  whitening  (1^  grs.  to  the 
gallon),  while  in  some  instances  carbonate  of  soda  is 
used  (500  gallons  of  soda  solution,  1  lb.  to  the  gallon, 
are  added  to  one  million  gallons  of  acid  water).  In 
some  towns  reliance  is  placed  upon  filtration  through 
calcareous  sand,  which,  however,  becomes  exhausted 
in  time  and  needs  renewal.  In  pursuance  of  Tidy's 
•  hypothesis,  the  water  has  been  charged  with  traces  of 
silica  by  filtration  through  powdered  granite  or  flint. 
It  is  at  least  possible  that  the  mischief  is  not  always 
due  to  the  same  cause,  and  that  no  one  line  of  treat- 
ment is  suitable  in  all  cases.  Houston  recommends 
ordinary  sand-filtration,  with  the  addition  of  some 
neutralising  material  to  the  filter  (e,g,^  a  thin  coating 
of  lime  on  the  surface  of  the  sand  with  limestone 
underneath  the  sand)  and  the  subsequent  addition  of 
a  trace  of  sodium  carbonate  to  the  neutral  filtered 
water. 

Many  waters,  fortunately,  are  sufficiently  pro- 
tected by  the  salts  they  contain.  Calcium  sulphate 
is  less  protective  than  the  carbonate,  and  vxxa^^'essvvsxck. 
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less  than  calcium  salts.  A  crust  is  formed  upon  the 
interior  of  lead  pipes,  composed  of  carbonate  and  sul- 
phate of  lead,  lime,  and  magnesia  (or  such  of  them 
as  are  present  in  the  water),  and  chloride  of  lead. 
Carbonate  of  lead  is  difficult  of  solution  except  in  water 
charged  with  excess  of  carbonic  acid  under  pressure. 
Pipes  which  are  new,  which  are  bent  against  the  grain, 
or  whicli  are  alternately  full  and  empty,  ai-e  more 
attacked  than  others.  The  maximum  amount  of  lead 
is  found  in  water  that  has  stood  for  some  time  in  the 
pipes,  over-night  for  example.  Lead  is  now  chemically 
purer  than  was  usual  in  former  yoai*s,  owing  to  the 
])rofi table  removal  of  silver  and  other  metals  with 
which  it  is  found  associated,  and  it  would  appear  that 
the  purer  lead  is  more  readily  acted  upon  by  water. 

Many    substitutes    for    ordinary   lead   pipes   ai-e 
now  available,   and  where  there  is  any  tendency  to 
solvent  action  one  or  other  of  these  should  be  adopted. 
Compound  pipes  have  long  been  in  use,  the  interior  of 
which   is    block-tin  and   the  exterior  lead ;  the  two 
metals  are  solidly  united  throughout,  and  the  pipe  can 
be  bent  without  fracturing  the  tin.     A  less  reliable 
protective  lining  to  lead  pipes  may  be  found  in  tar 
or   bitumen.     Iron   pipes   are   more    satisfactory    in 
every  respect,   except  their   rigidity,    which    renders 
them    difficult    to   adapt   to    the    bends    and    turns 
that  are  needed  in  houses.      Plain  iron  pipes  may  be 
employed,  with  some   risk   of  trouble  from  rusting. 
Tin-lined,    glass-lined,    or   galvanised   iron  pipes  ai-e 
often  used,  and  among  other  protective  coatings  may 
be  mentioned  Angus  Smith's  varnish  and  collodion. 
Theoretically,  the  rustless  Barff  iron  offers  the  greatest 
advantages  for  this  purpose ;  iron  pipes  of  ordinary 
construction   are   exposed   while   hot  to  superheated 
steam,  and  thereby  acquire  a  thin  coating  of  magnetic 
oxide,  FegO^,  which  renders   them  free  from  liability 
to  rust  as  long  as  the  coating  is  unbroken.     Unfortu- 


Chap.  III.]  Plumbism.  73 

nately  the  film  is  easily  dislodged  in  the  process  of 
fitting.  If  it  is  not  possible  to  change  the  supply  of 
water,  or  to  prevent  it  by  chemical  means  from  acting 
upon  lead,  or  to  keep  it  from  coming  into  contact  with 
lead,  recourse  must  be  had  to  palliative  measures.  The 
water  must  always  be  run  off  for  a  few  minutes  in  the 
morning,  and  again  before  drawing  it  for  drinking  pur- 
poses. All  that  is  used  for  drinking  or  for  cooking 
should  be  filtered  through  some  medium  containing 
animal  charcoal.  Such  filters  possess  the  power  of 
removing  lead  from  solution,  owing  probably  to  the 
phosphates  which  they  contain  forming  an  insoluble 
lead  salt. 

No  water  should  be  used  for  drinking  that  con- 
tains any  trace  of  lead,  for  however  minute,  its 
presence  indicates  danger;  moreover,  the  sample  may 
not  represent  either  the  seasonal  or  daily  maximum. 

Among  the  symptoms  caused  by  lead -poisoning  are 
anaemia,  depression,  dyspepsia,  constipation,  colic,  and 
paralysis  of  the  extensor  muscles  of  the  hand,  leading 
to  wrist-drop.  A  characteristic  blue  line  appears  along 
the  edges  of  the  gums,  due  to  the  formation  of  sulphide 
of  lead  in  the  tissue.  Optic  neuritis  may  be  found. 
It  has  been  observed  that  abortion  is  common  in 
districts  where  lead-poisoning  prevails,  and  sometimes 
to  such  a  degree  as  materially  to  lower  the  birth-rate. 
The  relation  between  lead-poisoning  and  gout  and 
kidney  disease  is  referred  to  elsewhere. 

Tests  * — I.  Qualitative,  —{a)  H2S  gives  a  brown  tint  if  a 
trace  of  lead  is  present,  and  a  black  precipitate  if  much ; 
neither  is  affected  by  acid,  {b)  A  solution  of  potassium  bi- 
chromate (1  gr.  per  oz.)  dropped  into  a  tall  glass  of  water, 
falls  slowly,  causing  an  opaque  yellow  cloud  if  there  is  any 
lead  in  solution. 

II.  Quantitative. — A  standard  solution  containing  0*1  mgr, 

•  The  sample  should  be  the  first  pint,  or  less,  drawn  from  the  pipe  after 
standing  for  an  hoar  or  other  stated  period  if  it  is  to  measure  the  maxinvoLVsv 
impurity. 

V  * 
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of  lead  in  1  c.c.  is  made  by  dissolving  0*1831  Rrm.  of  ciystal- 
lised  lead  acotate  in  a  litre  of  distilled  water.  The  pro- 
cedure is  the  same  as  in  testing  for  iron,  but  the  water  should 
be  made  acid. 

Acidity  of  water  and  pltimho-solvency  should  also  be  tested 
for.  The  former  may  be  estimated  by  using  lacmoid  as  an 
indicator.  The  solution  is  best  made  by  dissolving  0*2  gmis. 
of  lacmoid  in  100  c.c.  of  dilute  alcohol  (10  per  cent.).  A 
few  drops  added  to  10  c.c  of  the  sample  of  water  at  once 
reveals  the  presence  of  the  smallest  trace  of  acid.  The  amount 
of  acid  may  be  determined  by  titrating  a  definite  quantity  of 
the  water  with  a  decinormal  solution  of  sodium  carbonate 
(5*3  grms.  NagCOa  per  litre).  Phenol-phthalein  may  be  used 
as  indicator. 

Plumbo-solvency  may  be  determined  in  the  following  way : 
60  c.c.  (by  volume)  of  washed  lead  shot  are  placed  in  a  burette 
(}"  X  24"),  ocoupyina:  18  in.  of  its  length ;  the  sample  water 
is  allowed  to  filter  through  this  lead,  and  is  then  collected  in 
successive  quantities  of  50  c.c,  and  tested  with  sulphuretted 
hydrogen  or  ammonium  sulphide  for  the  presence  of  lead. 

Zinc,  copper,  and  arsenic,  although  rarely 
occurring  in  natural  waters,  may  occasionally  gain 
access  by  means  of  trade  pollution,  or  by  the  solvent 
action  of  water  (especially  water  containing  organic 
matter,  nitrites,  and  nitrates)  upon  the  pipes  and 
vessels  with  which  it  comes  into  contact.  Any  trace 
of  these  substances  renders  a  water  unfit  for  drinkilig 
purposes. 

Tests. — Copper,  like  lead,  strikes  a  black  colour  with 
ammonium  sulphide,  not  discharged  by  acid.  It  may  be  deter- 
mined quantitatively  by  a  colorimetric  process  similar  to  those 
for  iron  and  lead,  the  standiird  solution  containing  1  mgr.  of 
copper  in  each  c.c.  being  made  by  dissolving  3*93  grms.  of 
crystallised  copper  sulphate  in  a  litre  of  distilled  water. 

Arsenic  would  be  detected  in  the  residue  after  evaporation, 
by  the  Marsh-Berzelius  or  other  test. 

Hardness  of  water  is  caused  by  the  presence  of 
salts  that  decompose  soap,  preventing  lathering  until 
sufficient  soap  is  added  to  exhaust  them.  The  chief 
of  these  are  lime  salts,  magnesium  salts,  and  carbonic 
acid,  but  ii-on  and  alumina  have  a  similar  eflfect.     By 
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boiling  the  water,  the  free  carbonic  acid  is  driven  off,  and 
calcium  bicarbonate  is  reduced  to  the  insoluble  carbonate 
and  precipitated;  magnesium  bicarbonate  is  precipitated 
as  carbonate  in  like  manner,  though  it  partially  re- 
dissolves  on  cooling,  and  most  of  the  iron  is  also 
thrown  down.  After  removal  of  this  temporary  hard- 
ness, there  remain  in  solution  calcium  and  magnesium 
sulphates  and  chlorides,  and  a  little  iron — assuming 
them  to  have  been  originally  present.  These,  with 
the  re-dissolved  magnesium  carbonate,  constitute  the 
permanent  hardness.  Soap  consists  of  alkaline  oleates, 
stearates,  and  palmitates,  which  form  a  viscid  solu- 
tion in  water.  The  phenomena  of  hardness  depend 
upon  the  formation  of  insoluble  calcium  and  magnesium 
oleates,  etc. 

Hardness  is  measured  by  a  standard  soap-solution,  1  c.c.  of 
which  exactly  precipitates  1  mgr.  of  calcium  carbonate.  It  is 
found  that  1  c.c.  suffices  to  give  a  lather  when  shaken  with 
70  c.c.  of  distilled  water,  and  anything  beyond  this  is  due  to 
the  hardness,  which  is  stated  in  terms  of  calcium  carbonate. 

70  c.c.  of  the  water  is  taken  in  a  bottle  of  about  250  c.c 
capacity,  and  the  soap-solution  is  added  by  degrees  from  a 
burette,  with  vigorous  shaking  after  each  addition,  until  a 
lather  completely  covers  the  surface  and  remains  intact  for  five 
minutes.  The  number  of  c.c.  added,  deducting  1  c.c.  for 
lathering,  will  give  the  hardness  in  mgrs.  of  calcium  carbonate 
per  70  c.c,  that  is^  in  grains  per  gallon.*  The  permanent 
hardness  is  measured  in  exactly  the  same  way,  in  70  c.c.  of  the 
water,  after  boiling  for  half  an  hour  and  adding  distilled  water 
to  make  good  the  loss  by  evaporation.  If  more  than  16  c.c.  of 
soap-solution  are  consumed  by  70  c.c.  of  water,  it  is  better  to 
dilute  it  by  addinpf  70  cc  of  distilled  water,  in  which  event  a 
deduction  of  2  cc.  must  be  made  instead  of  1  c.c.  for  lathering. 
A  " degree  "  of  hardness  upon  Clark's  scale  corresponds  to  a 
grain  of  calcium  carbonate  per  gallon. 

The  disadvantages  attendant  upon  the  use  of  hard 
water  have  already  been  referred  to  in  speaking  of 

♦  Hardness,  unlike  other  analytical  data,  is  still  commonly  expressed 
in  grains  per  gallon.    The  conversion  into  the  standard  terms  is  readily 
effected  (see  note,  page  62),  for  instance,  from  grains  pec  gallon  \.0'<^^T\i% ^^"c 
100,000  by  dividing  by  0*7. 
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lime  and  magnesia  in  water.  Temporary  hardness  is 
of  less  moment,  both  for  dietetic  and  washing  pur- 
poses, than  permanent  hardness ;  it  depends  upon  the 
comparatively  harmless  calcium  carbonate,  which  is  re- 
moved by  boiling.  Calcium  and  magnesium  salts  have 
been  held  responsible  for  goitre,  which  in  certain  dis- 
tricts, notably  in  India,  seems  to  be  limited  to  mag- 
nesian  limestone  formations.  It  is,  however,  by  no 
means  always  prevalent  in  niagnesian  limestone  dis- 
tricts, even  when  the  water  contains  abundance  of 
magnesium  salts  ;  nor  is  it  always  absent  from  districts 
free  from  limestone  formations.  Hence  many  author- 
ities are  inclined  to  attribute  it  to  iron  pyrites  and 
other  salts  of  iron  and  copper  often  found  in  limestone 
regions;  while  others  consider  that  the  concurrent 
agency  of  some  organic  material,  or  a  specific 
organism,  is  necessary.  Goitre  appears  to  have  been 
developed,  under  the  use  of  certain  drinking  waters, 
in  as  few  as  eight  or  ten  days.  Urinary  calculi  are 
common  in  Norfolk  and  other  clialk  districts  where 
the  water  is  hard ;  but  the  dependence  of  the  calculi 
upon  the  hardness  of  the  water  is  far  from  being 
established.  A  good  drinking  water  should  not  exceed 
4  degrees  of  permanent,  or  20  of  total,  hardness.  It 
is  estimated  that  each  degree  of  hardness  involves  a 
waste  of  upwards  of  a  pound  of  soap  for  every  1,000 
gallons  used  in  washing. 

Org^anic  matter  in  solution  consists  of 
animal  and  vegetable  matters  that  have  gained 
access  to  the  water,  and  of  the  products  of  their  de- 
composition. Little  is  known  of  its  chemical  compo- 
sition, the  variety  and  complexity  of  the  components 
being  so  great  as  to  defy  analysis. 

The  presence  of  organic  matter  (or  rather,  of  oxidisable 
matter)  may  be  shown  by  adding  a  few  drops  of  a  solution  of 
potassium  permanganate,  which  is  immediately  decolorised  ;  or 
by  slightly  acidulating  the  sample  water  and  boiling  it  for  20 
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minutes  with  a  few  drops  of  solution  of  chloride  of  gold,  which 
will  give,  according  to  the  amount  of  organic  matter  present, 
a  rose,  violet,  or  olive  colour,  or  a  violet  or  hlack  precipitate. 

A  rough  quantitative  estimate  is  obtained  by  determining 
the  combustible  matter  in  the  "  total  solid  residue."  100  c.c. 
of  sample  water  are  measured  into  a  platinum  dish  of  known 
weight  A.  They  are  then  evaporated  to  dryness  over  a  water 
bath  (after  which  the  drying  should  be  continued  in  a  water 
oven  at  100*  C.  for  an  hour  more),  and  the  weight  B  of  the 
dish  and  its  now  dry  contents  is  ascertained.  B — A  is  the 
weight  of  the  total  solid  residue,  that  is,  of  the  organic  matter 
and  mineral  salts.  The  dish  is  next  heated  to  dull  redness,  to 
bum  off  the  organic  matter,  and  weighed  again  (C)  after  cooling. 
The  loss  on' ignition,  that  is  B — C,  will  give  the  amount  of 
organic  matter  in  the  volume  of  water  taken.  *  The  proportion 
of  organic  matter  per  litre,  or  per  gallon,  is  readily  calculated 
from  these  data.     Thus, 

100  c.c.         :         1,000  c.c.  ::        B-C        :         x 

volume  taken.  a  litre.  mgrs.  lost  on 

ignition. 

X  being  the  proportion  of  organic  matter  expressed  as  parts  per 
million,  or  milhgrammes  per  litre.  During  ignition  the  organic 
matter  turns  brown,  or  even  black,  before  disappearing,  and  if 
of  animal  origin  it  gives  off  puogent  fumes. 

This  method  is  not  sufficiently  exact  for  most  quantitative 
purposes,  and  recourse  is  had  to  other  means,  of  which  the 
chief  are  : — 

Wanklyn's  ammonia  process, 

Frankland's  combustion  process,  and 

Forchammer's  oxygen  process. 

None  of  these  professes  to  give  the  total  amount  of  organic 
matter  in  water,  but  each  fixes  upon  some  one  or  more  element, 
compound,  or  property,  which  is  determined  with  precision 
and  taken  as  a  measure  or  index  of  the  total  organic  matter,  to 
which  it  is  assumed  to  bear  a  constant  ratio. 

l¥anklyn's  Ammonia  Process.— Most  nitro- 
genous  organic  matter,  when  heated  with  permanganate  of 
potash  in  presence  of  excess  of  potash,  gives  off  a  certain  pro- 
portion cf  its  nitrogen  in  the  form  of  ammonia.  Most,  if 
not  all,  of  the  injurious  organic  impurities  occurring  in  water 
may  reasonably  be  assumed  to  be  nitrogenous,  and  as  they 

■  •  This  is  not  strictly  accurate,  since  water  of  crystallisation  is  driven  oflf 
f^om  the  saline  matters,  and  some  small  portion  of  the  salts  may  be 
volatilised.  Carbonates  lose  CO2,  nitrates  are  reduced,  and  chlorine 
volatilises.  
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yield  a  definite  and  fairly  constant  proportion  of  their  nitrogen 
as  ammonia  we  have  a  very  convenient  and  delicate  means  of 
measuring  them.  It  still  remains,  of  course,  in  this  as  in  all  other 
indirect  processes,  to  establish  empirical  standards  of  purity, 
in  terms  of  the  ammonia  index. 

Certain  standard  solutions  are  required. 

A.  Standard  solution  of  ammonium  chloride,  containing 
0*01  mgr.  of  ammonia  in  1  c.c. 

B.  Ne88ler*8  solution  is  a  saturated  solution  of  mercuric 
iodide  in  potassium  iodide.  It  gives  a  yellowish  tinge,  with  the 
faintest  ^ace  of  ammonia,  and  a  yellow-brown  precipitate 
(NHggtjHjO)  if  more  is  present. 

"  Nesslerising "  is  a  process  by  which  the  free  or  saline 
ammonia  in  a  sample  of  water  can  be  readily  determined  with 
great  accuracy.  Two  tall  cylindrical,  flat-bottomed  glasses, 
marked  at  50  cc,  are  placed  side  by  side  upon  a  white  surface. 
In  one  of  them  are  placed  50  c.c.  of  the  sample  water,  and  in 
the  other  50  c.c.  of  distilled  water  free  from  any  trace  of 
ammonia.  Two  c.c.  of  Nessler  solution  are  added  to  each  glass, 
and  the  tint  struck  by  the  sample  is  exactly  imitated  by  adding 
to  the  second  glass  -  successive  measured  quantities  of  the 
standard  ammonia  solution  (^)  from  a  burette,  until  the  right 
tint  is  reached.  Each  c.c.  of  ammonia  solution  used  corre- 
sponds to  0*01  mgr.  of  ammonia  present  in  the  50  cc.  of  the 
sample,  from  which  data  the  amount  per  litre  is  readily 
calculated. 

C.  Alkaline  permanganates  olution.  Eight  grms.  of  potassium 
permanganate  and  200  grms.  of  solid  caustic  potash  are  dis- 
solved in  a  litre  of  distilled  water. 

The  analysis  is  conducted  as  follows  : — 

Half  a  litre  of  the  water  to  be  examined  is  put  into  a  large 
flask,  connected  with  a  Liebig's  condenser  by  means  of  a  bent 
glass  tube  passing  through  a  perforated  indiarubber  stopper. 
The  flask  is  heated  by  a  Bunsen's  burner,  and  the  first  50  c.c. 
of  distillate  are  collected  and  Nesslerised,  and  the  amount  of 
ammonia  they  contain  is  recorded.  This  ammonia  is  part  of 
the  free  ammonia  contained  in  the  water  as  such,  and  it  is 
found  by  experience  that  the  first  50  c.c.  contain  three-quarters 
of  the  free  ammonia.  Hence,  adding  \  to  the  amount  recorded 
in  the  first  50  c.c,  we  get  the  whole  amount  contained  in  the 
half  litre  of  water  under  analysis,  and,  doubling  this,  the 
mgrs.  of  free  ammonia  per  litre^  i.e.  parts  per  million. 

Thus,  if  the  first  50  c.c.  strike  a  tint  with  Nessler,  which  is 
matched  in  the  second  glass  by  the  addition  of  1*2  c.c.  standard 
ammonia  solution,  we  must  allow  ^  of  1*2,  that  is,  0*4,  making 
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a  theoretical  total  of  1*6  c.c.  This  corresponds  to  0*016  mgr. 
of  ammonia  in  the  half  litre  taken  for  analysis,  or  0*032  part 
per  minion.  Meanwhile  150  c.c.  more  are  distilled  over,  to 
exhaust  the  free  ammonia,  hut  as  already  explained  it  is 
unnecessary  to  Nesslerise  these. 

There  are  then  300  c.c.  left  in  the  flask,  and  to  this  are  now 
added  50  c.c.  of  the  alkaline  permanganate,  and  the  distillation 
is  resumed.  The  first,  second,  and  third  50  c.c.  are  collected 
separately  and  Nesslerised.  Should  the  third  50  c.c.  he  found 
to  contain  noteworthy  quantities  of  ammonia,  a  fourth  50  c.c. 
is  distUJed  over. 

The  ammonia  coming  over  at  this  second  stage  is  called 

albuminoid  ammonia,  heing  derived  from  the  albuminoid  and 

other  nitrogenous  organic  matter  in  the  water.     The  second 

50  C.C.  contain  much  less  than  the  first,  and  the  third  less  than 

the  second.     Adding  together  the  amount  of  ammonia  found 

in  the  three  lots,  we  have  the  total  for  the  half  litre  of  water  ; 

and  twice  this  will  give  the  proportion  in  parts  per  million. 

Thus, 

1st   50  =  2*5  c.c.  standard  ammonia  solution. 
2nd  60  =  1  Occ.        ,,  „  „ 

8rd  60  =  0*3  c.c. 


»»  »» 


Total  =  3*8  c.c.  =  0'038  mgr.  ammonia  per  half  litre. 
**«  Albuminoid  ammonia  =  0*076  part  per  million. 

Note. — Absence  of  any  tra^e  of  albuminoid  ammonia  is 
suggestive  of  organic  purity,  even  if  free  ammonia  and 
chlorides  are  high.  Albuminoid  ammonia  less  than  '05  part 
per  million  is  consistent  with  extreme  purity;  and  if  free 
ammonia  is  absent  or  scanty,  albuminoid  ammonia  under  O'lO 
is  no  evidence  of  impurity.  If,  however,  there  is  much  free 
ammonia,  0-05  albuminoid  ammonia  is  suspicious,  and  0*10  is 
strong  evidence  of  pollution;  0*15  or  more  should  condemn  a 
water  absolutely. 

In  good  waters  the  free  ammonia  usually  ranges  from  0  00 
or  0.01  to  0*03  part  per  million,  and  rarely  exceeds  0*05. 

Combustion  processes  involve  costly  and  delicate 
apparatus,  and  a  considerable  degree  of  skill.  The  following 
is  an  outlkie  of  Frankland's  process  : — 

To  a  lijtre  of  the  water  are  added  20  c.c.  of  saturated  solution 
of  sulphuipus  acid,  to  reduce  the  oxidised  nitrogen  and  liberate 
all  carbonic  add.  The  water  is  evaporated  to  dryness.  The 
dry  residue  is  mixed  with  oxide  of  copper  and  heated  in  vacuo 
in  a  combustion  tube  for  about  an  hour.  The  gases  evolved 
are  collected  over  a  mercurial  trough;  they  contain  all  the 
organic  carbon  as  carbonic  acid,  and  the  nitrogen  as  such. 


So 
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They  are  measured  volumetrically,  and  after  the  absorptioiL  a 
the  carbonio  acid  by  caustic  potash  the  residue  is  read  as 
nitrogen.  The  nitrogen  present  in  the  water  a?  ammoiua 
must  be  separately  determined,  and  deducted  from  the  total. 

The  significant  points  are  the  absolute  and  relative  amounts 
of  organic  carbon  and  organic  nitrogen.  The  lower  the  propor- 
tion of  nitrogen  to  carbon,  and  the  loss  the  amount  of  each,  the 
more  favourable  is  the  verdict,  other  things  being  equal.  A 
low  proportion  of  nitrogen  to  carbon,  1  to  8,  indicates  vegetable 
organic  matter ;  a  high  proportion  such  as  1  to  3  is  pretty  cer- 
tain proof  of  animal  pollution.  A  river  or  surmce  water 
should  not  contain  more  than  0*2  organic  carbon  or  0*03 
organic  nitrogen  in  100,000  parts,  and  spring  or  well  water  is 
open  to  suspicion  if  the  carbon  exceeds  0*1,  or  the  nitrogen 
0*03,  per  100,000.  In  forming  conclusions,  due  weight  must  be 
given  to  the  other  analytic  data,  especially  the  determination  of 
chlorides  and  oxidised  nitrogen,  and  to  the  other  evidence 
obtainable,  such  as  the  position  and  surroundings  of  the  sonroe 
of  supply,  the  facilities  for  pollution,  and  the  depth  and 
geological  characters  of  the  strata  from  which  it  is  derived. 

The  following  table,  taken  from  the  Report  of  the  Rivers 
Pollution  Commissioners,  gives  the  average  results  of  a  large 
number  of  samples  upon  Frankland's  method,  stated  as  parts 
per  100,000  :— 


Total  Solid  Impurity    . . 

Organic  Carbon 

Organic  Nitrogen 

Ammonia 

Nitrogen     as     Nitrates     and 

Nitrites 

Total  Combined  Nitrogen 

Chlorine 

llardu&is : — 

Temporary       

Permanent 

Totel 

Number  of  Samples  Analysed 


Rain- 
water. 


2-95 
•070 
•01') 
•0-29 

•003 
•042 
0-82 

0-4 
0^5 
0-9 
39 


Upland 
Surface 
Water. 

Deep-Well 
Water. 

43-78 

9^G7 

•322 

•001 

•032 

•018 

•002 

•012 

•009 

•495 

•042 

•522 

1-13 

511 

1-5 

15-8 

4  3 

9^2 

0-8 

250 

195 

157 

?«s? 


28-20 
•066 
•CIS 
DOl 

•888 
•896 
2^49 

11-0 
7-5 
18*6 
196 


KjeldahVs  procsss^  applioi  by  Blair  to  water  analysis,  is 
based  upon  the  conversion  of  the  nitrogen  of  organic  substances 
into  ammonium  sulphate  if  charred  by  heating  with  strong 
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sulphuric  acid.  250  c.c.  of  water  are  distilled  down  to  50, 
with  addition  of  sodium  carbonate  if  acid ;  the  first  100  c.c.  of 
distillate  contains  all  the  free  ammonia.  Then  10  c.c.  of  pure 
sulphuric  acid  and  a  little  arsenious  acid  are  added,  and  the 
distillation  is  continued.  Presently  the  acid  begins  to  fume, 
and  becomes  darkened  by  the  charring  of  organic  matter.  The 
heat  is  continued  for  two  hours  after  this,  or  until  the  colour 
disappears  again.  After  cooling,  a  slight  excess  of  pure  solution 
of  soda  is  added :  and  the  ammonia  thus  liberated  is  distilled 
over,  and  measured  as  in  Nessler's  process. 

This  method,  like  Wanklyn's,  gives  us  a  record  of  the 
"  free  ammonia  "  and  "  organic  ammonia  "  at  two  stages ;  but 
the  yield  of  the  latter  is  more  constant  and  more  complete 
than  that  obtained  with  alkaline  permanganate.  The  results 
are  converted  into  terms  of  **  organic  nitrogen  "  by  multiplying 
by  0*824.  Blair  finds,  by  this  process,  less  than  0*06  part  of 
organic  nitrogen  per  million  in  very  pure  water,  and  0  '06  to 
0*12  in  ordinary  drinking  water ;  he  regards  as  suspicious  any 
water  containing  more  than  this,  unless  peaty,  and  condemns 
any  over  0*32. 

Oxy§^en  process*— There  are  many  modifications  of 
the  Forchammer  method,  of  which  Tidy's  is  the  best  known. 
For  the  sake  of  uniformity  the  metric  system  is  substituted  for 
"  septems  "  in  the  following  description : — 

The  standard  solutions  required  are — 

A.  Potassium  permanganate,  0*395  g^rm.  in  a  litre  of  dis- 

tilled water.      Every  10  c.c.  yields  1  mgr.  of  oxygen 
to  oxidisable  matter. 

B,  Sodium  hyposulphite,  1  grm.  per  litre, 
c.  Potassium  iodide,  1  part  in  10  of  water. 

D.  Starch,    1  part  boiled  with  20  parts  of  water,  and 

filtered. 

E.  Sulphuric  acid,  1  part  to  3  parts  of  water. 

The  object  is  to  determine  the  amount  of  oxygen  absorbed 
in  1  hour  and  3  hours  respectively.  As  the  hyposulphite 
solution  is  liable  to  change,  it  is  necessary  to  perform  a  blank 
test  with  distilled  water  every  time. 

Four  fiasks  are  employed,  two  of  which  contain  250  c.c.  of 
sample  water,  while  the  other  two  contain  250  c.c.  of  distilled 
water  for  the  control  experiments.  To  each  flask  are  added 
10  c.c.  of  permanganate  solution  (a),  and  10  c.c.  of  dilute 
sulphuric  acid  (b).  If  the  water  is  very  bad,  the  pink  colour 
due  to  the  permanganate  may  soon  entirely  disappear,  and  in 
this  event  a  second  and  even  a  third  10  c.c.  of  permanga.\vBt.tj^ 
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must  be  added,  in  order  always  to  have  a  pink  tinge  throughout 
the  experiment.  At  the  end  of  an  hour  one  of  the  samples 
and  one  of  the  control  flasks  are  tested  to  ascertain  how  much, 
undecomposed  permanganate  remains  to  be  deducted  from  the 
total  used.  For  this  purpose  2  c.c.  of  iodide  solution  (c)  are 
added,  and  the  remaining  permanganate  immediately  acts 
upon  it,  liberating  a  proportionate  amount  of  free  iodine.  The 
iodine  is  measured  with  precision  by  dropping  in  the  standard 
hyposulphite  solution  until  no  more  free  iodine  remains,  the 
exact  point  of  disappearance  of  the  last  trace  of  iodine  beings 
ascertained  by  adding  2  c.c.  of  starch  solution  (d)  near  the  end 
of  the  process,  and  noting  the  disappearance  of  the  blue  iodide 
of  starch. 

In  the  blank  test  the  10  c.c.  of  permanganate  should 
remain  unaltered  at  the  end  of  the  hour,  so  that  if  x  c.c.  of 
hyposulphite  are  used,  these  x  c.c.  correspond  to  10  c.c.  of  the 
permanganate  solution,  that  is,  to  1  mgr.  of  oxygen.  If, 
therefore,  the  sample  flask,  which  has,  of  coarse,  lost  some  of 
its  permanganate,  takes  only  y  c.c.  of  hyposulphite,  it  is 
clear  that  the  oxygen  consumed  by  oxidisable   matter  must 

/p  _  f/ 
have  been  — -  mgr.     If  a  second  10  c.c.  of  permanganate 

X 

had  been  employed,  the  formula  would  obviously  have  become 

'Ix-y 
-^-mgr. 

As  a  quarter  of  a  litre  of  the  sample  was  taken  for  each 
analysis,  four  times  this  result  will  give  the  *' oxygen  con- 
sumed" in  milligrammes  per  litre — that  is,  in  parts  per 
million. 

The  determination  of  oxygen  consumed  in  three  hours  is 
conducted  in  exactly  the  same  way,  at  the  end  of  that  time. 

Interpretation  of  results  of  the  oxygen  process. — Not  only 
organic  matter,  but  also  nitrites,  ferrous  salts,  or  sulphuretted 
hydrogen,  will  reduce  permanganates,  and  these  latter,  if 
present,  must  be  removed  or  allowed  for.  No  distinction  is 
made  between  nitrogenous  and  non-nitrogenous  organic 
matter.  In  London  waters  the  organic  matter  is  said  to  be 
about  eight  times  the  '*  oxygen  consumed."  It  seems  that 
putrescent  matters,  notably  urine  and  other  animal  matter,  are 
readily  oxidised  by  permanganate,  so  that  while  the  three 
hours*  experiment  gives  information  as  to  the  total  amount  of 
organic  matter,  the  one-hour  reaction  is  important  as 
indicating  the  proportion  of  putrescent  and,  therefore,  pre- 
sumably dangerous    impurities.      Sometimes  four  hours  are 
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allowed  instead  of  three,  and  a  quarter  or  half  an  hour  instead 
of  one  hour.     Peaty  waters  consume  much  oxygen. 

As  in  all  other  modes  of  estimating  the  organic  matter 
in  water,  the  results  of  the  oxygen  process  must  be  considered 
together  with  the  other  analytic  data  and  the  source  of  the 
water.  In  a  general  way,  Tidy  classifies  waters  as  of  great 
organic  purity  if  the  oxygen  consumed  does  not  exceed  0  5 
part  per  million,  of  medium  purity  if  not  exceeding  1*5  part, 
of  doubtful  purity  up  to  20  parts,  and  as  impure  if  the  oxygen 
consumed  exceeds  2*0  parts  per  million.  Upland  surface 
-waters,  however  (the  organic  matters  being  less  likely  to  be 
harmful),are  judged  by  a  more  lenient  standard,  the  degrees 
of  which  are  double  those  given  above,  namely,  1*0,  3*0,  and 
4-0,  in  place  of  Oo,  1*5,  and  20. 

Blair's  oxygen  process  at  100**  C.  gives  very  satisfactory 
results.  The  reagents  are  similar  to  Tidy's,  but  the  following 
differ  in  strength : — 

Potassium  permanganate,  1*975  gramme  per  litre,  so  that 

10  C.C.  yield  5  mgrs.  oxygen. 
Sodium  hyposulphite,  3-875  grammes  per  litre. 
Sulphuric  acid,  100  c.c.  to  900  c.c.  distilled  water. 

Half  a  litre  of  water  is  taken  for  analysis,  and  after  the 
addition  of  10  c.c.  of  permanganate  and  10  c.c.  of  acid,  is 
boiled  gently  for  two  hours,  further  charges  of  permanganate 
being  added  if  necessary.  After  cooling,  the  procedure  is  the 
same  as  in  Tidy's  process.  Iodide  is  added,  and  the  iodine  set  free 
by  the  imconsumed  permanganate  is  measured  by  hyposulphite 
solution  with  the  aid  of  starch. 

The  method  of  calculation  also  is  substantially  the  same. 
Since  the   10  c.c.  of  permanganate  yields  5  mgr.  of  oxygen 

instead  of  1  mgr.,  the  formula  becomes  5  x ,    or    if    m 

X  X  n  —^  y 
charges  of  permanganate  have  been  added,   5    x  ~ 

This  gives  the  mgrs.  of  oxygen  absorbed  per  half  litre, 
and  doubling  the  result  we  have  mgrs.  per  litre,  or  parts 
per  million.  Blair*s  process  has  obvious  advantages  over 
Tidy's,  since  the  conditons  as  to  temperature  are  constant, 
and  the  oxidation  of  organic  matter  practically  complete. 
The  empirical  standards  of  purity  necessarily  range  higher. 
Exceptionally  pure  waters  take  less  than  2  parts  per  million, 
waters  of  medium  purity  2  to  4  parts,  and  suspicious  waters 
4  to  6  parts.  Even  a  peaty  water  should  not  be  recommended 
if  it  takes  much  more  thati  6  parts. 
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Interpretation  of  tbe  results  of  iw^ater 
examination.— From  what  has  been  said,  it  will  be 
seen  that  there  are  various  methods  of  water  analysis 
or  examination  by  which  we  may  obtain  a  knowledge 
of  a  water  sufficient  to  guide  us  as  to  its  suitability  for 
drinking  purposes.  In  the  past  too  much  emphasis 
has  been  given  to  the  results  of  chemical  analysis  and 
too  little  to  the  facts  obtained  by  bacterioscopic  and 
microscopic  examination,  and  by  inspection  of  the 
gathering  ground.  It  cannot  be  too  clearly  stated 
that  all  the  facts  obtainable  respecting  a  water  are 
necessary  to  a  reliable  conclusion.  Nothing  is  more 
likely  to  lead  to  an  incorrect  opinion  than  reliance 
upon  isolated  findings  in  respect  of  a  water,  whether 
bacteriological  or  chemical.  The  two  must  be  taken 
together  and  in  conjunction  with  a  careful  inspection 
of  the  sources,  and  even  then  the  matter  must  be 
judged  broadly,  and  the  "  life  history  ''  of  the  water,  if 
such  a  term  is  permissible,  taken  into  consideration. 

The  chief  interpretations  of  chemical  analysis  have 
been  already  referred  to  in  the  text,  the  importance 
of  gases,  mineral  salts,  and  soluble  organic  matter 
having  been  dealt  with.  It  is  therefore  unnecessary 
to  recapitulate.  Here  it  is  only  necessary  to  add  that 
these  general  rules  are  subject  to  modification  accord- 
ing to  the  history  and  surroundings  of  the  water. 
Vegetable  is  much  less  dangerous  than  animal  con- 
tamination, and  may  often  be  recognised  by  the  slow- 
ness with  which  the  albuminoid  ammonia  comes 
over,*  by  the  absence  or  small  amount  of  chlorides 
and  of  free  ammonia,  and  by  microscopic 
examination  of  the  sediment  or  knowledge  of  the 
source  of  the  supply.  Animal  pollution  is  indicated 
if  the  albuminoid  ammonia  comes  over  rapidly,  or 
if  the  chlorides  or  oxidised  nitrogen  are  abundant. 
Pollution    by    absorption    of    effluvia,    or    by    the 

»*   ♦  The  second  50  c.c  containing  little  lessthan  the  lirst,  and  the  third 
than  the  second. 
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presence  of  putrefying  masses  in  the  water,  would, 
however,  be  unaccompanied  by  any  excess  of  chlorides. 
It  is  important  to  take  into  consideration  also  the 
character  of  unpolluted  water  in  the  same  district  or 
geological  field,  since  chlorides,  oxidised  nitrogen,  and 
even  a  certain  amount  of  free  and  albuminoid  ammonia, 
may  be  found  in  waters  that  are  free  from  recent 
and  therefore  dangerous  pollution.  It  is  quite 
possible,  too,  for  an  organically  pure  water  to  be  unfit 
for  use  on  account  of  its  mineral  constituents. 
Water  from  a  shallow  well,  open  to  suspicion  of  pollu- 
tion, should  be  condemned  if  the  chlorides  and  oxidised 
nitrogen  are  high,  even  if  albuminoid  ammonia  be 
scanty.  A  water  that  is  pure  at  the  time  of  sampling 
may  still  be  liable  to  intermittent  contamination.  It 
must  be  remembered  that  Wanklyn's  process  tells  us 
nothing  as  to  the  exact  amount  or  specific  nature  of 
the  pollution,  or  whether  it  is  injurious  or  harmless. 
The  solid  matters  of  enteric  or  choleraic  excreta 
probably  do  not  greatly  difier  as  regards  their  yield  of 
albuminoid  ammonia  from  those  of  healthy  excreta, 
and  minute  proportions  of  either  one  or  the  other  in- 
tentionally added  to  water  in  experiments  by  Cory 
and  Dupr6  caused,  as  was  \o  be  expected,  only  a 
proportionately  trifling  addition  to  the  albuminoid 
ammonia  already  present.  Such  minute  but  deadly 
pollutions,  by  enteric  virus  or  any  other  poison, 
rarely  occur  in  nature,  but  when  they  do,  chemical 
analysis  will  give  us  no  intimation  of  them.  Hence 
it  is  true  that  chemical  analysis  "  can  tell  us  of 
impurity  and  hazard,  but  not  of  purity  and  safety" 
(Buc/uinan) ;  but  to  this  it  should  be  added  that  the 
circumstances  are  rare  indeed  in  which  a  careful  con- 
sideration of  all  the  analytic  data,  together  with  a 
study  of  the  source  of  supply  and  its  surroundings,  will 
fail  to  give  warning  of  any  danger  that  may  exist. 
The  summary  on  page  87  is  slightly  T£io^\^'^^  ixovs^ 
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a  table  given  by  Parkes  and  De  Chaumont.  It  shows 
in  a  general  way  the  value  to  be  attached  to  each 
analytical  datum  jter  se,  but  it  will  be  evident  that 
the  interpretation  is  subject  to  material  modification 
according  to  the  other  information  available. 

Bacteriological  examination  is  tlie  most  delicate 
and  direct  test  of  the  safety  of  a  water  for  drinking 
purposes,  for  by  it  we  obtain  information  as  to  its 
potentiality  to  cause  infective  disease.  Further,  Klein 
and  others  have  shown  that  by  bacteriological  methods 
it  is  possible  to  detect  smaller  degrees  of  sewage 
pollution  than  by  chemistry.  On  the  other  hand,  it 
is,  of  course,  idle  to  expect  to  learn  the  exact 
chemical  constitution  of  the  water  by  bacteriological 
methods.  Like  chemistry,  bacteriology  must  be 
judged  by  what  it  can  tell  us  and  not  by  what  it 
cannot.  There  are  three  important  groups  of  facts 
obtainable  by  a  thorough  bacteriological  examination 
of  water.  These  concern  (a)  the  number  of  bacteria 
per  c.c. ;  (6)  the  presence  of  any  organisms  of  con- 
tamination ;  and  (c)  the  presence  of  any  specific 
organisms  of  disease.  The  number  of  bacteria  per 
c.c.  is,  as  a  rule,  only  valuable  when  used  in  a  series 
of  examinations  of  the  same  water  supply,  or  when 
used  in  the  examination  of  water  before  and  after 
filtration.  The  number  of  bacteria  per  c.c.  is  there- 
fore a  fact  of  only  relative  importance,  because 
there  is  no  standard  of  how  many  organisms  should 
be  present  in  each  c.c.  of  a  potable  water,  and  there 
is  no  means  by  which  the  number  can  be  accurately 
measured.  For  purposes  of  comparison  it  may  be 
said  that  the  metropolitan  water  supply,  as  consumed, 
usually  contains  less  than  20  bacteria  per  c.c. 

The  organisms  which  indicate  contamination  of  a 
water  are  certain  liquefying  bacilli,  B.  col%  B.  enteri- 
tidis  sporogeneSy  and  streptococci.  The  chief  of  these  as 
an  indicator  is  B.  coli.    It  is  now  held  that  if  this 
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bacillus  can  be  detected  in  1  c.c,  or  2  c.c/  of  a  water, 
the  organism  has  gained  access  recently  from  sewage. 
Its  relative  abundance  is  a  matter  of  importance. 
Houston  considers  the  presence  of  streptococci  in 
water  as  indication  of  recent  and  dangerous  pollution. 
The  presence  of  any  pathogenic  organisms  {B,  typhoauSy 
the  cholera  bacillus,  etc.),  in  however  few  numbers, 
is,  of  course,  sufficient  for  the  condemnation  of  a 
water.  Such  organisms  are  rarely  isolated  from 
water,  even  though  for  external  reasons  it  be  evident 
that  the  water  is  the  channel  of  infection,  owing  to 
the  long  incubation  period  of  typhoid  fever,  the  fact 
that  the  bacillus  only  lives  in  water  for  a  few  days, 
and  the  impossibility  as  a  rule  of  examining  the  water 
which  actually  caused  the  outbreak. 

By  way  of  summary,  it  may  be  said  that  a  water 
should  be  condemned,  as  a  rule,  (a)  if  it  contains  a 
very  large  number  of  bacteria  of  whatever  kind  ]  (6) 
if  it  contains  B,  coli  communis^  B.  enteritidis  sporo- 
genes,  streptococci,  or  any  pathogenic  organism,  in 
however  small  a  quantity  ;  (c)  if  it  gives  the  "  enteri- 
tidis change  "  in  milk  cultures,  or  ferment  sglucose  or 
lactose  media.  In  addition  to  the  chemical  and 
bacteriological  findings,  the  careful  microscopic  exam- 
ination of  the  sediment  and  the  thorough  inspection 
of  the  gathering  grounds,  the  source  and  course  of  the 
water,  are  necessary.  In  many  ways  the  latter  is  the 
most  important  part  of  an  examination  of  a  water, 
and  when  in  doubt  as  to  chemical  and  bacteriological 
characteristics,  topography  may  not  unfrequently 
throw  light  upon  the  subject. 

Brlnkingr  Heater  and  Disease.  —  The  rela- 
tion of  drinking  water  to  typhoid  and  cholera  will  be 
considered  subsequently.  Here  it  is  only  necessary 
to  add  a  general  note. 

Vegetable  matter  in  suspension  and  even  in  solution 
may  cause  diarrhoea.    In  small  quantity,  however,  dis- 
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solved  peaty  matter  is  harmless,  although  it  gives  a 
brownish  tinge  to  the  water. 

Animal  matter  in  suspension  or  solution,  whether 
due  to  percolation  from  cesspools,  leaking  drains,  farm- 
yards, or  manured  fields,  or  to  direct  pollution  of  streams 
by  drains  or  sewers,  or  to  presence  of  decomposing 
animal  tissues  in  the  water,  or  to  absorption  of  effluvia, 
is  always  dangerous  to  health. 

The  products  of  simple  decomposition  of  animal 
matter  are  in  themselves  capable  of  producing  diarrhoea 
and  other  acute  alimentary  disturbances,  or  of  insidi- 
ously undermining  the  general  health,  and  so  possibly 
preparing  the  way  for  other  diseases  not  directly 
dependent  upon  water-borne  poison.  In  tropical 
countries  polluted  water  is  a  frequent  cause  of  dysen- 
tery, sporadic  or  epidemic.  Many  sudden  localised 
outbreaks  of  diarrhoea  in  Great  Britain  have  been 
proved  to  originate  in  contamination  of  drinking 
water  by  effluvia  from  sewage,  even  without  the 
entrance  of  liquid  or  solid  filth.  Apart  from  all  this, 
the  presence  of  organic  filth  in  water  shows  that  the 
way  is  open  for  the  access  of  more  specific  poisons, 
such  as  those  of  cholera,  enteric  fever,  dysentery,  and 
parasitical  diseases.  The  tendency  of  any  such  pollution 
is  to  increase  in  amount,  while  percolation  through 
soil  loses  in  course  of  time  whatever  purifying  effect  it 
may  possess  at  first. 

There  are  also  certain  disease  conditions  produced 
by  water  owing  in  part  to  its  chemical  constitution, 
as,  for  example,  goitre,  plumbism,  rickets,  urinary 
calculi,  etc. 
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CHAPTER   IV. 

FOOD. 

The    useful    constituents    of    all    food    substances, 
animal,  vegetable,  and  mineral,  are  classified  as — 

1.  Nitrogenous,  including  the  animal  and  vegetable 
albuminoids  (proteids)  and  gelatin. 

2.  Fatty,  including  animal  and  vegetable  f  atsand  oila 

3.  Carbohydrates,  including  starch  and  the  sugars. 

4.  Salts,  organic  and  inorganic. 

5.  Water. 

Nltrog^enous  food. — Proteids  are  converted  by 
the  action  of  the  gastric  and  pancreatic  juices  into 
soluble  peptones,  which  are  absorbed  and  used  for 
the  nutrition  and  repair  of  the  nitrogenous  tissues, 
and  in  some  degree  for  the  production  of  heat  and 
the  functional  activity  of  the  system.  During  life 
the  nitrogen  is  eventually  eliminated  in  the  urine 
(as  urea  or  urates),  and  in  the  faeces.  Fat  is 
another  product  of  the  splitting-up  of  albumen, 
and  its  hydrogen  and  carbon  ultimately  go  to  form 
carbonic  acid  and  water.  Muscular  exertion  does  not 
increase  the  demand  for  nitrogen  or  the  excretion 
of  urea,  these  being  fairly  constant  in  a  given  healthy 
individual  under  suitable  diet,  whether  working  or  not. 
Assimilation  of  excess  of  nitrogen,  in  the  absence  of 
exercise,  is  apt  to  lead  to  imperfect  oxidation,  with 
formation  of  urates  and  uric  acid  rather  than  urea. 
Other  consequences  are  engorgement  of  the  liver  and 
general  plethora,  pyrexia,  tendency  to  diarrhoea,  and 
ultimately  to  a  gouty  condition. 

Deficiency  of  nitrogen  leads  to  diminution  of  cir- 
culating albumen,  anaemia,  loss  of  weight,  and  impair- 
ment of  energy  and  stamina.  Ultimately  the  tissue 
albumen,  and  especially  that  of  the  muscles,  is  reduced. 
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Nitrogenous  food  is  therefore  essential  for  the 
growth,  maintenance,  repair,  and  functional  activity 
of  the  tissues,  and  contributes  in  some  measure  to 
the  production  of  heat  and  force.* 

Fats  and  carbobydrates  supply  the  oxidisable 
material  for  the  production  of  heat  and  force,  and  are 
ultimately  eliminated  as  carbonic  acid  and  water. 
They  aid  in  the  nutrition  of  the  tissues  and  in  the 
excretion  of  waste  material.  An  excess  of  either 
lessens  oxidation  of  nitrogenous  matter  and  leads  to 
storage  of  fat  in  the  tissues  ;  deficiency  causes  increased 
metabolism  of  circulating  albumen,  loss  of  weight,  and 
impairment  of  nutrition.  Sugars,  starches,  and 
certain  other  substances  are  termed  carbohydrates, 
because  their  molecule  contains  (besides  carbon)  twice 
as  many  atoms  of  hydrogen  as  of  oxygen,  and  may 
therefore  be  represented  empirically  as  Q^iJScfy)^,  or 
carbon  plus  water.  Glucose  is  CgH^gO^,  cane  sugar 
CigHggOji,  and  starch  CgH^QOg.  Fats  and  oils  (animal  or 
vegetable)  contain  much  less  oxygen  in  proportion  to 
their  carbon  and  hydrogen,  stearin,  for  example,  being 
CgiH^jOg.  Carbohydrates  are  more  readily  assimilated 
than  fats,  but  have  a  lower  nutritive  value  by  at  least 
40  per  cent.  They  are  converted  into  grape-sugar 
by  the  digestive  processes.  As  a  rule,  nutrition 
ultimately  suffers  if  either  fats  or  carbohydrates 
are  withheld ;  but  to  a  certain  extent  they  are 
interchangeable,  and  the  diet  of  the  Eskimo  contains 
little  or  no  carbohydrate. 

Fat  as  a  tissue  is  useful  for  its  mechanical  proper- 
ties— namely,  non-conduction  of  heat,  lubrication,  and 
soft  elastic  pressure ;  in  excess  it  becomes  a  source  of 
inconvenience  or  danger,  as  in  extreme  obesity  and  in 
fatty  infiltration  of  the  heaii;. 

*  Gelatin  appears  to  be  capable  of  replaeinj?  the  circulating  albumen, 
bat  not  of  forming  tissue  albumen  or  repairing  its  waste.  Its  nutritive 
value  is  said  to  be  about  one-fourth  of  that  of  albumen.  Digestion  con- 
verts it  into  a  sort  of  peptone,  which  does  not  gelatima^. 
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Even  more  than  this  is  actually  consumed  sometimes. 
Brickmakers  for  instance  have  been  found  to  consume 
food  to  the  value  of  8,848  calories.  Rubner,  how- 
ever, states  the  average  as  3,644.  For  hard  work  all 
the  chief  constituents  of  food  may  be  increased,  but 
there  is  evidence  to  show  that  the  most  valuable 
source  of  muscular  energy  are  the  carbohydrates. 
For  mental  work  the  digestibility  of  food  is  of  greater 
concern  to  the  brain  worker  than  chemical  compo- 
sition {lluichiwrC).  Keduction  on  a  muscular  diet 
should,  however,  aflect  fats  and  carbohydrates  more 
than  proteids.  As  already  remarked,  age  and  sex 
exert  a  marked  influence  upon  dietetic  requirements. 
The  same  must  be  said  in  respect  of  climate,  season, 
and  personal  peculiarity. 

From  the  chemical  standpoint  authorities  suggest 
that  a  daily  dietary  for  a  male  adult  should  be  com- 
posed somewhat  as  follows  : — 


Rest    .  .   .   . 
Moderate      \ 
work         ) 
Hard  work    . 


Nitro-?e- 
nous 
Foo.l. 


3  oz. 
6     .. 


Fat. 


\\  oz. 
3     „ 
4i   „' 


drates.       ^^*''^- 


12  oz. 
15 


>» 


18   „ 


1    oz. 

U'„   i 


Such  a  diet  would 
contain 


Nitrogen. 


200  grs. 
300    „ 
400    „ 


Carbon. 


4000  grs. 
5000 


ti 


6000 


These  amounts  are  only  approximate.  The 
necessity  for  so  great  an  increase  of  nitrogen 
during  hard  work  is  open  to  question,  and  on  the 
other  hand  the  hard  work  standard  of  carbon  in  the 
above  table  is  low.  More  food,  especially  fat,  is 
needed  in  cold  climates,  less  in  hot. 

All  the  ingi-edients  are  supposed  to  be  water-free, 
but  would,  in  practice,  be  combined  with  at  least  their 
own  weight  of  water,  raising  the  total  daily  weight  of 
solid  food  to  40  or  50  oz.    In  addition  to  this  50  to  80 


Chap,  !v.j     Composition  of  Food  Stuffs.  95 

oz.  of  water  are  taken  as  drink.  A  man  consiimeB 
daily  about  ^^  of  liis  weight  of  dry  solid  food  and 
-j-Jjf  of  water.     Women  are  said  to  require  about   10 


Chbhioal  Covtosition  of 

Cebtaik  Food  Substances. 

(/■arfet.) 

P.rC«.t.o( 

On.i,L«p,rlb. 

1 

M 

i 

1 

is 

J 

Good   meat,*   beef  or  1 

mutton,   with   little 

76 

so 

3-fi 

1-5 

ISO 

1900 

fat  [iiiiouoked)          ■  | 

Average  mottt*    . 

1 

J5 

16 

(uDcoolicd 

1 

Roast  meat 

65 

■1% 

16 

3 

Very  Eat  meat* 

63 

U 

19 

Fat  ijork     , 

40 

10 

SO 

2- 

m 

4000 

Bait  porht 

ih 

25 

7 

35 

290 

1360 

Sultbeeft 

60 

30 

0'2 

20 

325 

1118 

White  fisli 

7s 

18 

3 

1 

200 

876 

Egga. 

74 

14 

U-5 

1 

New  roilk 

87 

4 

3'& 

"i 

0-5 

45 

600 

Skim  milk 

90 

4 

2 

5 

0'8 

46 

460 

ChBBSO 

37 

33 

3-1 

6-5 

300 

3300 

Butter 

6 

0-3 

90 

2'5 

6500 

Bread. 

40 

s 

1-5 

50 

1-5 

06 

2000 

Floor. 

Jfi 

2 

70 

1-7 

liO 

2700 

Oatmejil 

15 

13 

6 

66 

3 

140 

2800 

Indurn  meal 

14 

10 

7 

65 

1-5 

120 

3000 

Peas  (dry) 

16 

22 

3 

55 

2-5 

260 

2700 

Green  vegetable 

90 

0-2 

0-(i 

6 

0-7 

i4 

420 

Carrota 

as 

0-6 

0-2 

B'5 

0-7 

14 

500 

Potatoes      . 

75 

1-0 

0-1 

23 

1 

22 

770 

Bice   . 

10 

h 

0-8 

S3 

0'5 

70 

2700 

Sugar 

S 

36 

0-5 

3  loot 

Ogi'aina  of  carbon  peril 
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per  cent,  less  than  men,  both  of  carbon  and  nitrogen. 
Infants  require  nitrogenous  and  fatty  foods  with  only 
a  small  proportion  of  carbohydrates,  which  is  suppUed 
by  milk-sugar.  A  child  of  ten  years  of  age  needs  only 
half  as  much,  but  at  fourteen  years  quite  as  much,  as 
a  woman.  The  dietetic  requirements  of  old  age  are 
iust  the  reverse  of  those  of  childhood. 

The  table  on  page  85  supplies  the  means  of  deter- 
mining how  far  a  given  dietary  complies  with  the 
requirements  stated  above,  and  conversely  of  con- 
structing a  dietary  that  will  satisfy  these  conditions. 

Thus,  if  the  question  should  arise  whether  a  daily 
allowance  of  2  lbs.  of  bread  and  \  lb.  cheese  is  a  sufficient 
diet  for  a  man  in  easy  work,  the  calculation  may  be 
made  on  a  chemical  basis  as  follows  : — 

100  oz.  bread  contain  therefore  32  oz.  contain 

Nitro.      Fat.    Carb.-hyd.  Nitro.    Fat.  Carb.-hyd 

8  oz.     1^  oz.     50  oz.  2*5  oz.  0-5  oz.  16  oz. 

100  oz.  cheese  contain  therefore    8  oz.  contain 

33  oz.     24  oz.       0  oz.  2*6  oz.  1*9  oz.    0  oz. 

5-0  oz.  2*4  oz.  16  oz. 
Whereas  the  theoretic^al  amounts  re- 
quired for  moderate  work  are    .     .        4*5  oz.     3  oz.  15  oz. 

The  conclusion  to  be  drawn  is  that  such  a  diet  is 
sufficient  as  regards  the  nitrogenous  matter  and  carbo- 
hydrates, but  wanting  in  fat. 

A  still  readier  method  is  to  calculate  the  amount  of 
carbon  and  nitrogen,  thus  : — 

1  lb.  bread  contains  therefore  2  lbs.  contain 

Nitrogen.      Carbon".  Nitrogen.       Carbon. 

90  grs.     2000  grs.  180  grs.     4000  grs. 

1  lb.  cheese  contains  therefore  \  lb.  contains 

300  grs.     3300  grs.  150  grs.     1650  grs. 

330  5650 

The  theoretical  amounts  of  carbon  and 
nitrogen  required  for  moderate  work 
being 300  5000 
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Hence,  if  we  leave  out  of  consideration  the  differ- 
ences between  fats  and  carbohydrates  the  diet  more 
than  satisfies  the  theoretical  requirements. 

The  problem  may  also  be  presented  the  other  way 
round.  What  quantity  x  of  bread  and  y  of  cheese 
would  be  sufficient  for  an  ordinary  diet  ?  The  require- 
ments are  300  grains  of  nitrogen,  and  5,000  of  carbon  ; 
and  X  lbs.  of  bread  contain  90  x  a;  gi'ains  of  nitrogen 
and  2,000  x  x  grains  of  carbon,  while  y  lbs.  of  cheese 
yield  300  x  y  grains  of  nitrogen  and  3,300  x  y  grains 
of  carbon.    Hence  we  have  a  simultaneous  equation — 

90a;  4-     3001/  =    300 
2000a;  -f  3300y  =  5000 

giving  as   approximate    values    a;  =   1*7    lb.,    and 

y  =  i  lb. 

It  has  been  found  experimentally  that  the  energy 
which  is  developed  by  oxidation  is  for  one  ounce  of 
lean  meat  about  50  foot-tons,*  carbohydrates  150  foot- 
tons,  and  fats  300  foot-tons.  In  this  relation  it  should 
not  be  forgotten  that  the  oxidation  of  food  in  the 
system  is  by  no  means  complete,  even  as  regards  that 
portion  which  is  assimilated. 

In  calculating  the  mecbanical  i^orR  done,  that 
of  respiration,  circulation,  and  locomotion  must  be 
taken  into  account,  as  well  as  the  load  carried  or  lifted. 
According  to  Haughton  and  Parkes  the  force  exerted 
daily  in  respiration,  circulation,  and  other  "  internal  *' 
work  is  about  260  foot-tons  ;  and  in  addition  to  this  a 
strong  man  can  do  external  work  equivalent  to  300  to 
500  foot-tons  more  per  day.  Walking  along  a  level 
road  at  three  miles  per  hour  is  equivalent  to  climbing 
vertically  ^th  of  the  distance  traversed ;  at  4  miles 
^th.  Hence,  if  a  man  weighing  AV  lbs.  carries  a 
load  of  X  lbs.  on  a  horizontal  track  for  D  feet,  at 

•  A/oo<4b}i  is  the  force  required  to  raise  1  ton  to  a  height  oC  1  tc>vi\. 
E 
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3    miles    per    hour,    he    exerts    energy    equivalent 

to  -^ —  foot-tons  in  so  doing.     A  march  of  20 

20  X  2240  * 

miles  along  the  level  involves  work  equivalent  to  360 

foot- tons,  taking  the  weight  of  the  body  as  150  lbs. 

If  a  load  of  60  lbs.  is  added,  the  work  is  500  foot-tons. 

Tlie  whole  work  done,  estimated  in  this  way,  represents 

only  -}  th  of  the  force  theoretically  obtainable  from  the 

food  by  combustion.     The  energy  expended  in  a  fair 

day's  work  is  about  one-fifth  mechanical  labour  to 

four-fifths  heat  {Martiii). 

Animal  is  generally  held  to  possess  certain  advan- 
tages over  vegetable  food,  of  which  the  most  certain 
are  the  ready  supply  of  blood-pigment,  the  larger 
percentage  of  proteids,  the  greater  digestibility  of 
animal  fats,  and  the  smaller  bulk  required.  A 
vegetable  dietary,  unless  carefully  selected,  is  apt  to 
contain  insutficient  nitrogen,  but  it  is  rich  in  carbo- 
hydrates. It  is,  however,  bulky,  less  digestible  in  the 
stomach,  and  less  completely  absorbed.  The  supposed 
inferior  nutritive  value  of  vegetable  albuminoids  is 
not  so  clear,  although  they  are  probably  less  rapidly  • 
digested ;  and  a  well-fed  vegetable  eater  may  display 
for  a  time  as  perfect  health  and  energy  as  a  meat-eater.* 
On  the  other  hand,  the  argument  from  analogy  with 
the  herbivora,  some  of  which  are  types  of  activity, 
loses  weight  from  the  inability  of  man  to  digest  cellu- 
lose. The  consistent  vegetarian  must  either  live  on  a 
diet  deficient  in  proteid  or  consume  an  excessive  bulk 
of  food.  The  ado])tion  of  the  former  course  tends  to 
diminish  energy  and  tissue  resistance,  and  the  latter 
is  likely  to  lead  to  derangement  of  the  digestive 
organs. 

morbid  conditionf^  dependent  upon  diet*— 
An  excess  of  food,  due  to  too  large  or  too  frequent  meals^ 

*  Vegetarianism  as  ordinarily  practised  does  not  exclude  animal  fats, 
or  even  albuminoids  ;  milk,  butter  and  cheese  being  used  freely. 
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may  aiicumulato  in  the  intestine,  causing  fermentation 
and  also  dyspepsia,  with  constipation  or  ineffeutive 
diarrhtea.  Gout,  obesity,  gall-stones  and  otber  con- 
ditions may  also  arise  fi-om  excess  of  food.  Absorption 
of  the  products  of  putrefaction  may  give  rise  to  a 
septic  condition  marked  by  pyrexia,  fuired  tongue, 
ftetid  breath,  lieaviness,  and  pos-siblj  jaundice. 
Diseases  of  the  blood  may  also  arise  from  retention 
of  waste  products  in  the  intestine,  as  for  instance 
when  chlorosis  follows  constipation.  The  efi'ecta  of 
excessive  or  delicient  assimilation  of  nitrogenous  and 
carbonaceous  food  have  already  been  considered. 

Protracted  insufficiencyof  diet  is  followed  by  wasting 
of  thetis3ne8(i7w«iiiioJi}.  Adiposetissue  is  naturally  the 
first  to  suffer,  and  may  be  almost  completely  absorbed, 
the  other  tissues  following  mainly  in  the  inverse  order 
of  their  importance  to  lile.  The  urine  still  contains 
urea  and  urates,  from  oxidation  of  tissue,  first  of  the 
circulating  albumen,  afterwards  of  tissue  albumen. 
Physical  and  mental  weakness  ensue,  followed  by 
anoimia  and  an  adynamic  condition  that  powerfully 
predisposes  to  certain  diseases,  notably  relapsing 
fever,  phthisis,  and  pneumonia,  and  perhaps 
to  all  infectious  diseases.  Diarrhoea  is  apt  to 
occnr,  adding  still  further  to  the  general  emaciation 
and  prosti-ation.  Ophthalmia,  stomatitis,  ulcers,  and 
skin  dtseases  of  various  kinds,  are  common  ;  and  any 
disease  that  may  have  obtained  a  hold  upon  the 
system  is  aggravated  by  the  impairment  of  nutrition. 
Death  ensues  when  the  loss  reaches  about  40  per  cent. 
of  the  normal  weight  of  the  body. 

Apart  from  parasitic  poison  and  infection,  thei-c 
are  two  well-marked  morbid  conditions  that  are  almost 
always  attributable  to  the  absence  of  essential  elomenta 
of  diet.      These  two  are  rickets  and  scurvy, 

Jlic&eti  rarely  occurs  in  children  fed  upon  milk  ^ 
%hioh  there  is  not  undue  admixture  of  ataraWj  Vow 
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provided  only  that  digestion  is  not  deranged.  Starch 
cannot  be  digested  by  infants  under  seven  months,  and 
its  administration  is  not  only  useless  but  liable  to  cause 
diarrhoea,  which  interferes  with  the  digestion  of  other 
food.  Even  apart  from  this,  an  excess  of  starch  or 
other  carbohydrate  has  an  injurious  effect  upon  nutri 
tion. 

Scurvy  does  not  occur  when  the  diet  includes 
plenty  of  fresh  vegetables  and  fruits  or  their  juices, 
or  even  preserved  vegetables  and  fruits.  The  blood 
or  raw  flesh  of  recently  killed  animals  is  credited  with 
considerable  anti-scorbubic  power.  Citrate,  tartrate, 
and  malate  of  potash  are  also  preventives,  and,  to  a  less 
degree,  lactate  and  acetate.  Carbonate  of  potash  is 
inert.  The  disease  affects  under-fed  men  more  readily, 
but  cannot  be  checked  by  increase  in  the  supply  of 
nitrogenous  food,  carbohydrates,  or  fat.  The  fault 
probably  rests  with  the  supply  of  salts,  and  as  scurvy 
occurs  when  there  is  no  lack  of  phosphates  or 
sodium  chloride,  potash  and  organic  acids  alone  of  the 
ordinary  salines  are  missing.  The  salts  of  organic 
acids  differ  from  those  of  mineral  acids  in  one  import- 
ant particular — namely,  their  oxidation  in  the  blood  to 
form  carbonates  with  alkaline  reaction,  although  they 
may  have  been  neutral  or  acid  originally.  Thus  the 
citric  acid  and  citrate  of  potash,  which  are  the  prin- 
cipal constituents  of  lime-juice,  are  oxidised  into 
carbonic  acid,  which  is  removed  by  the  lungs,  and 
(alkaline)  potassium  carbonate.  Potatoes  are  efficient 
anti-scorbutics,  and  contain  a  large  proportion  of 
organic  acid,  salts  of  potash,  soda,  and  lime.  The 
absence  of  land  scurvy  at  the  present  time  may  not 
unreasonably  be  attributed  in  great  measure  to  the 
universal  use  of  potatoes,  and  other  fresh  vegetables 
and  fruits,  as  articles  of  food. 

JHeat  varies  considerably  in  its  nutritive  qualities 
according  to  the  age  of  the  animal,  the  state  of  its 
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nutrition  at  the  time  of  slaiiglitei',  and  the  proportion 
o£  fat.  Well-fed  prime  meat  contains  more  albumin- 
oids and  less  connective  tiijsue  than  that  which  is 
taken  from  animals  that  are  badly  ted,  diseased,  (» 
too  old  or  too  young.  The  proportion  of  fat,  roughly 
speaking,  ranges  from  50  per  cent  in  fat  pigs  or  aheep 
to  33  per  cent,  in  fat  oxen  or  lambs,  and  16  per  cent 
'  a  calves.  Absence  of  fat  is  largely  compensated  fot 
by  presence  of  additional  water,  so  that  the  nitrogen 
remains  fairly  constant.  As  a  rule,  "  white  meat," 
such  as  fowl  and  rabbit,  is  less  nitiugeuous,  mom 
tender,  and  more  dige^stible  tlian  "red  meat,"  such  as 
beef,  mutton,  and  game.  The  latter  become  more 
'  tender  if  kept  until  rigor  mortis  gives  place  to  incipient 
putrefactive  changes. 

Relation  to  disease. — The  flesh  of  animals  suffering 

\   from  any  inflammatoiy  disease  is  watery  and  iimu- 

)  tritions,    discoloured,  possesses    a    stale   odour,    and 

I    deoomposes  rapidly.     The  use  of  such  meat  is  liahla 

I   to  cause  alimentary  disturbance.     The  same  applies, 

I   more  or  less,  to  animals  emaciated  from  any  causes 

In  some  persons  acute  dyspepsia  and  diarrhoea  are 

caused  by  apparently  normal  meat  of  certain  kinds, 

usually  pork  or  mutton.       As  a  rule,  meat  in  any 

I   Btege   of   putrefaction   (the  signs  of  which  are  smell, 

j  diBcoloration,  and  loss  of  elHsticity)  is  liable  to  cause 

I  acute  gastro-intestinal  irritation,  and  other  manifesta- 

I  tions   of  septic    poisoning,  the   prominent  symptoms 

being  vomiting,  diairhcea,  cramjjs,  prostration,  pyrexia, 

with  weak  and   irregular   pulse.      Frequently   meat 

an    early  stage   of   decomposition  is    more  toxio 

n  when  more  advanced.    It  is  not,  however,  easy  to' 

account  for   the  impunity  with  which  certain  kinds 

of  food,  venison  and  game  for  instance,  are  habitaally 

consumed  in  a  state  of  early  decomposition.      It 

probable  that  the  toxic  products  are  not  present 

anything  like  the  same  degree  as  in  ovdina.v^  ■«»' 
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common.  The  usual  symptoms  include  rigors,  faint- 
ness,  vomiting,  diarrhoea,  abdominal  pain,  and 
occasionally  skin  eruptions.  As  a  rule,  certain 
nervous  conditions  have  supervened,  such  as  giddi- 
ness, headache,  paralysis,  mental  depression,  etc.,  and 
occasionally  these  symptoms  have  been  predominant. 


Date  of 

Place  of 

No,  of 

Peiiod  of 
Incubation 
in  Hours. 

1 

Probable  Source 

Occurrence. 
1880 

Occurrence. 
Welbeck 

Cases. 
72 

of  Infection. 

12-48 

Cold  boiled  haras 

1881 

Nottingham 

1-) 

12-34 

Pork 

1882 

Oldham 

9 

4 

§ 

American  tinned 
pig's  tongue 

1882 

Bishop  Stortford 

0 

24 

Beef 

1882 

Whitchurch 

20 

1-5 

Brawn 

1886 

Carlisle 

20 

6-40 

Ham  &  game  pie 

1880 

Iroiibridge 

12 

6-12 

Veal  pies 

1887 

Retford 

80 

8-36 

Pork  brawn 

1888 

Middlesbrough 

114 

•  • 

American  bacon 

1889 

Carlisle 

25 

24 

Pork  pies 

1891 

Portsmouth 

13 

14-17 

Cold  meat  pie 

1£96 

Mansfleld 

265 

18-24 

Potted  meat 

1898 

Oldham  and 

Chadderton 

54 

48 

Veal  pies 

1899 

Nuneaton 

42 

12-48 

Pork 

1899 

Sheffield 

24 

2-3 

Corned  beef  . 

1902 

Derby 

221 

4-24 

Pork  pie 

Meat  poisoning  appears  to  depend  not  upon  the 
number  of  bacteria  present  in  the  meat,  but  upon  the 
particular  species  (that  is,  bacterial  infection)^  and 
their  products  (ptomaines,  toxins,  that  is,  ptomaine- 
poisoning).  A  long  incubation  period  generally 
indicates  poisoning  by  bacteria  (an  infection),  and  a 
short  incubation  period  poisoning  by  products  (an 
intoxication).  In  1888,  Gaertner  of  Jena  investigated 
an  outbreak  of  disease  affecting  58  persons  who  had 
eaten  uncooked  meat.  One  victim  died,  and  from  his 
body,  as  well  as  from  the  meat,  Gaertner  isolated  the 
B.  enteritidis^  an  organism  allied  to  the  coli  group. 
This  was  practically  the  starting-point    of   accurate 
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bacteriological  investigation  into  this  group  of  epi- 
demics. Since  that  period,  the  B,  botulinus  of 
Ermengem,  B.  enterittdis  sporogenea  of  Klein,  and 
certain  putrefactive  bacteria,  particularly  of  the  coli 
group  (p.  57),  have  been  held  responsible  for  causing 
such  illnesses. 

B,  enteiHtidis  {Gaertner).  Characters  similar  to  B,  typhosus 
(morphology,  motility,  and  staining  properties),  but  grows 
more  rapidly  in  gelatine ;  fewer  flagella ;  ferments  lactose  and 
sometimes  dextrose ;  does  not  produce  indol  or  coagulate  milk  ; 
positive  neutral-red  reaction ;  in  litmus  whey  or  litmus  broth, 
acid  is  first  produced,  and  then  the  medium  becomes  distinctly 
alkaline.  Virulent  to  rodents  and  small  animals  (gastro- 
intestinal symptoms,  haBraorrhagic  enteritis  and  swelling  of 
lymph  follicles).  Forms  no  spores,  and  therefore  cannot  stand 
very  high  temperatures.  (Killed  at  70°  C.  in  one  minute.)  It 
produces  agglutinating  properties  in  the  blood  of  the  patient. 

B.  botulinus  (Ermengem).  Van  Ermengem  describes, 
under  the  name  of  botulism,  a  state  brought  about  by  the  inges- 
tion of  various  articles  of  food,  such  as  ham,  tinned  or  preserved 
foods,  oysters,  musselS;  etc.,  and  which  is  characterised  by 
comparatively  slow  onset  (twelve  to  twenty-four  hours  after 
infection),  secretory  troubles,  paralysis  of  certain  muscles,  par- 
ticularly of  tongue  and  pharynx,  dilatation  of  pupil,  aphonia, 
dysphagia,  constipation,  retention  of  urine,  absence  of  uncon- 
sciousness and  of  fever,  etc.  Botulism  differs  considerably 
from  the  more  common  form  of  food-poisoning  with  which  we 
are  acquainted  in  England,  and  which  is  characterised  by 
practically  the  same  symptoms  as  those  of  epidemic  diarrhcea. 
B,  botulintis  is  4-9/t  long  and  •9-12  fx  broad ;  round,  slowly 
motile,  4-9  flagella.  Polar  spores,  killed  in  thirty  minutes  at 
80°  C.  Liquefies  gelatine  ;  does  not  coagulate  milk;  anaerobic; 
in  cultures  often  produces  gas  and  a  sour,  rancid  odour. 
Pathogenic  for  guinea-pigs,  rabbits,  and  other  small  animals. 
B.  enterittdis  sporogenea  of  Klein  {see  Epidemic  Diarrhoea). 

The  B.  enteritidis  Derhiensis  is  a  member  of  the 
Gaertner  group,  isolated  by  Delepine  from  pork  pies 
the  consumption  of  which  caused  the  Derby  outbreak 
in  1902.  He  considered  the  presence  of  the  bacillus 
in  the  pork  pies  was  due  to  contamination  of  the 
meat  before  it  was  cooked,  and  that  the  central  ^arts 
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of  the  pies  were  not  thoroughly  cooked.  It  frequently 
happens  in  these  cases  that  some  constituent  part 
(such  as  jelly)  of  the  manufactured  article  or  pre- 
pared dish  is  really  the  polluted  portion.  Experience 
of  meat  poisoning  outbreaks  leads  to  the  conclusion 
that  the  meat  has  conti*acted  its  poisonous  properties 
in  one  or  all  of  the  following  ways,  viz.,  putrefaction 
or  unsoundness  in  the  meat  itself,  unclean  manipula^ 
tion  or  storage  in  insanitary  places,  and  insufficient 
cooking.  The  methods  of  prevention  are  therefore 
obvious.  Occasionally  tinned  goods  cause  poisoning, 
owing  to  metallic  absorption,  and  this  must  be 
differentiated  from  bacterial  poisoning. 

Tuberculosis. — This  disease  is  set  up  in  animals 
by  the  tubercle  bacillus,  which  is  either  identical  or 
nearly  allied  to  the  B.  tuberculosis  of  Koch. 

Tuberculosis  is  common  among  cattle,  especially 
if  stall-fed,  and  is  increased  by  the  practice  of  housing 
them  with  inadequate  air-space  and  ventilation.  Out 
of  23,000  cattle  slaughtered  at  Leipzig  in  1895,  tuber- 
culosis was  found  in  33  per  cent.  The  tuberculin 
test  has  re\  ealed  the  presence  of  tuberculosis  in  54  per 
cent,  of  the  cows  of  certain  breeds  in  certain  dairies 
in  Great  Britain. 

Investigations  carried  out  in  1902  in  all  the  chief 
breeds  in  this  country  have  shown  that  14*7  per  cent, 
are  affected  with  tuberculosis  (Geddes),  Probably  the 
general  average  is  about  15-20  per  cent.  In  London 
and  other  large  cities,  where  a  high  degree  of  in- 
spection is  maintained,  and  where  there  is  no 
in-breeding,  only  about  0  2  per  cent,  of  the  cows  are 
tubercular. 

It  has  long  been  customary  to  condemn  as  unfit 
for  food  all  parts  of  a  carcase  in  which  tubercle  is 
found,  and  the  whole  carcase  if  the  disease  be  far 
advanced  and  the  animal  emaciated.  Following  the 
conclusions   of   the   Paris    Congress   of    1888   many 
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authorities  have  adopted  a  more  stringent  standard, 
and  condemn  the  whole  carcase  if  there  be  any  tubercle 
in  any  part,  no  matter  how  slight  or  localised. 

The  Royal  Commission  on  Tuberculosis  reported 
in  1898  as  follows  : — 

"  The  following  principles  should  be  observed  in 
the  inspection  of  tuberculous  carcases  of  cattle  ; — 

(a)  When  there  is  miliary  tuber-. 


culosis  of  both  lungs 
(6)  When    tuberculous    lesions 
are  present  on  the  pleura 
and  peritoneum 
(c)  When    tuberculous    lesions 
are  present  in  the  muscu- 
lar system,  or  in  the  lym- 
phatic  glands   embedded 
in  or  between  the  muscles 
{d)  When    tuberculous   lesions 
exist  in  any   part  of  an 
emaciated  carcase    . 

(rt)  When  the  lesions  are  con-' 
fined  to  the  lungs  and  the 
thoracic  lymphs^tic  glands 

(6)  When  the  lesions  are  con- 
fined to  the  liver     . 

(c)  When  the  lesions  are  con- 

fined  to   the   pharyngeal 
lymphatic  glands     . 

(d)  When  the  lesions  are  con- 

fined to  any  combination 


Generalised  tu- 
berculosis is 
present,  and 
the  entire  car- 
case and  all 
the  organs  may 
be  seized. 


Localised  tuber- 
culosis is  pre- 
sent, and  the 
carcase,  if 

otherwise  heal- 
thy, shall  not 
be  condemned, 
but  every  part 
of  it  containing 
tuberculous  le- 
sions shall  be 
seized. 


of  the  foregoing,  but  are 
collectively  small  in  extent^ 

"  In  view  of  the  greater  tendency  to  generalisation 
of  tuberculosis  in  the  pig,  we  consider  that  the  presence 
of  tubercular  deposit  in  any  degree  should  involve 
seizure  of  the  whole  carcase  and  of  the  orgatva. 
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"In  respect  of  foreign  dead  meat,  seizure  shall 
ensue  in  every  case  where  the  pleurae  have  been 
*  stripped/  *' 

The  tubercle  bacillus  is  most  easily  found  in  the 
glands,  and  tuberculous  deposits  in  the  muscles  are 
very  rare.  The  bacillus  is  scarce  in  the  caseating 
nodules.  In  the  pig  it  is  diflficult  to  detect  the  bacilli 
as  a  rule,  though  the  disease  is  very  common  in  that 
animal,  affecting  chiefly  the  abdominal  organs  and  the 
glands  of  the  throat.  It  is  rare  in  the.  sheep.  The 
Royal  Commission  reported  that  "in  tissues  which 
go  to  form  the  butcher's  joitit,  the  material  of  tubercle 
is  not  often  found  even  where  the  organs  (lungs, 
liver,  spleen,  membranes,  etc.)  exhibit  very  advanced 
or  generalised  tuberculosis ;  indeed,  in  muscle  and 
muscle  juice  it  is  very  seldom  that  tubercle  bacilli  are 
to  be  met  with ;  perhaps  they  are  somewhat  more 
often  to  be  discovered  in  bone,  or  in  some  small 
lymphatic  gland  embedded  in  intermuscular  fat." 
The  chief  way  in  which  such  meat  substance  becomes 
infected  with  tubercle  appears  to  be  through  careless- 
ness in  the  butcher,  who  perchance  smears  the  meat 
substance  with  a  knife  which  has  been  used  in  cutting 
the  organs,  and  so  has  become  contaminated  with 
infected  material.  "  Ordinary  cooking,  such  as  boiling 
and  more  especially  roasting,  though  quite  suflicient 
to  sterilise  the  surface,  and  even  the  substance  for  a 
short  distance  from  the  surface  of  a  joint,  cannot  be 
relied  upon  to  sterilise  tubercular  material  included 
in  the  centre  of  rolls  of  meat,  especially  when  these 
are  more  than  three  pounds  or  four  pounds  weight. 
The  least  reliable  method  of  cooking  for  this  purpose 
is  roasting  before  a  fire ;  next  comes  roasting  in  an 
oven,  and  then  boiling."   (Sims  Woodliead.) 

It  should  be  added  that  whilst  it  is  evident  that 
tuberculosis  is  not  greatly  spread  by  the  consumption 
of  tuberculous  meat,  the  Royal  Commission  of  1895 
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definitely  concluded  that  "  we  must  believe  that  any 
person  who  takes  tuberculous  matter  into  the  body  as 
food  incurs  some  risk  of  acquiring  tuberculous  disease." 
In  spite  of  Koch's  views  to  the  contrary,  which  are 
discussed  subsequently,  that  conclusion  still  repre- 
sents, broadly,  the  views  of  most  authorities. 

Characters  of  g^ood  meat. — It  should  be  firm 
and  elastic,  but  not  tough,  and  it  should  not  "  pit "  on 
pressure  ;  a  thin  red  meat  juice  (acid)  will  often  exude 
in  small  quantity  on  standing ;  the  meat  substance 
should  be  red  throughout,  not  pale,  purple,  or  green 
marbled  by  layers  of  fat ;  free  from  purulent  or  gela> 
tinous  fluid  in  the  septa  between  the  muscular  bands " 
fresh  and  pleasant  in  smell,  as  tested  by  a  clean  skewer; 
which  has  been  plunged  into  the  interior.  The  reaction 
should  be  slightly  acid.  The  meat  should  "  set "  within 
twenty-four  hours.*  The  flesh  is  pale  in  pork,  in  young 
animals,  and  in  those  suflering  from  exhausting  dis- 
eases ;  dark  in  old  animals,  or  those  which  have 
died  with  the  blood  in  them,  or  in  inflamed  parts ; 
wet  in  dropsy,  and  often  in  inflammatory  diseases. 
With  commencing  putrefaction  the  colour  becomes 
pale,  and  the  smell  disagreeable ;  later  the  meat  softens 
in  parts  and  turns  green. 

The  liver,  lungs,  heart,  and  flesh  should  be  examined 
for  parasites;  the  head,  stomach,  and  intestines  for 
evidences  of  specific  disease.  The  microscope  would 
detect  Cysticerci  (usually  visible  to  the  naked  eye)  and 
Trichince  in  muscle,  and  Stephanurus  dentatus  in  the 
brain.  To  demonstrate  Trichince^  a  thin  section  should 
be  put  into  liquor  potassse  for  a  few  minutes  only 
until  the  muscle  becomes  translucent.  The  coiled 
embryo  will  be  seen  inside  the  capsule. 

*  Horse  flesh  may  be  differentiated  from  beef  by  the  following 
characters  :  It  does  not  set  so  rapidly  or  so  well.  It  is  more  tendinous 
and  fibrous,  contains  less  fat,  which  is  oily  and  yellow,  and  possesses  a 
horsey  smell.  The  colour  is  also  more  brown-red  and  less  bright  than  in 
Bound  beef. 
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The  fat  should  be  firm,  white,  and  free  from 
haemorrhages  ;  not  yellow  or  gelatinous. 

Tat  consists  of  olein,  palmitin,   and  stearin,   which  are 
respectively  oleic  acid,  palmitic  acid,  and  stearic  acid,  comhined 

with  glycerine  as  a  base.  Stearin,  ^  ^^  g  J^  |  Os,  melts  at 
about  65°  C. ;  palmitm,  (^i6Hg^)3  |  Qj,  at  a  variable  point 
between  36°  C.  and  60°  C. ;  olein,(^8H^30)8  |  q^^    ^^    go    q 

Fats  with  a  hi<rh  melting  point,  such  as  mutton  fat,  consist 
mainly  of  stearin ;  those  with  a  low  melting  point,  such  as 
bacon  fat,  principally  of  olein. 

Sausages  are  liable  to  convey  the  same  diseases  as 
the  meat  from  which  they  are  made,  but  there  are 
no  longer  any  macroscopic  signs  to  guide  us.  In  a 
fatal  case  at  Chester,  investigated  by  Ballard,  violent 
symptoms  of  gastro-intestinal  irritation  came  on  within 
half  an  hour  of  eating  sausage,  which  was  found 
to  contain  an  organic  chemical  poison.  There  have 
since  been  similar  cases.  Decomposition  may  be 
detected  by  the  smell,  which  is  made  more  obvious 
by  adding  hot  water  and  lime-water. 

Preservation  of  meat  may  be  effected  for  a 
time  : 

(1)  By  exclusion  of  air.  The  meat  is  dipped  into 
boiling  water  so  as  to  form  an  impervious  layer  of 
coagulated  albumen  on  the  surface ;  or  coated  with 
paraffin,  or  simply  with  fat, 

(2)  By  injection  of  preservative  solutions.  The 
blood-vessels  are  injected  first  with  water,  then  with  a 
solution  of  alum  and  aluminium  chloride — or  even 
sodium  chloride. 

(3)  By  application  of  preservatives  to  the  surface. 
The  meat  may  be  covered  with  salt,  sugar,  boracic 
acid,  boroglyceride,  powdered  charcoal,  weak  carbolic 
acid,  or  other  fixed  antiseptic.  Or  it  may  be  kept  in 
a  closed  vessel  containing  volatile  oils  or  antiseptics. 
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(4)  By  pickling.  Common  salt,  with  a  little 
potassium  nitrate,  is  rubbed  into  the  meat,  or  the 
latter  is  immersed  in  strong  brine.  Water  is 
abstracted,  and  the  salt  acts  as  a  preservative. 

(5)  By  drying.  Meat  is  exposed  in  somewhat 
thin  layers  to  dry  air,  or,  still  better,  to  the  smoke 
from  a  wood  fire. 

(6)  By  continuous  exposure  to  cold  (^freezing). 
Meat  can  be  kept  in  a  cold-air  chamber  for  an 
indefinite  period,  but  decomposes  rapidly  upon 
thawing  if  rigor  mortis  had  set  in  before  freezing.  It 
is  better  to  keep  the  temperature  a  little  above 
freezing-point  (refrigerated  or  chilled  meat),  as 
actual  freezing  has  certain  disadvantages. 

(7)  By  hermetically  sealing  in  tin  cases  or  other 
vessels  in  vacuo,  or  in  sterilised  air.  Various  devices 
are  adopted  to  sterilise  the  contents  of  the  tins. 
Before  sealing,  air  may  be  drawn  off  and  replaced  by 
nitrogen  and  sulphurous  acid,  or  by  air  which  has 
been  heated  to  500°  F.,  or  by  steam.  Other  pro- 
cesses aim  at  complete  exclusion  of  air,  or  exclusion 
of  part  and  removal  of  oxygen  from  the  remainder 
by  means  of  sodium  sulphite,  or  at  exclusion  of  all 
germ  life  by  boiling. 

The  dangers  attending  the  use  of  preserved  meat 
are  those  depending  upon  the  original  character  of  the 
meat,  already  referred  to,  together  with  risk  of  putrer- 
faction  if  the  process  is  imperfectly  carried  out. 
Tinned  meat  sometimes  gives  rise  within  twelve  hours 
to  symptoms  of  acute  gastro-intestinal  irritation,  viz. 
vomiting,  purging,  cramps,  some  degree  of  pyrexia, 
irregular  pulse,  and  prostration.  These  ill  effects  may 
result  from  decomposition  due  to  imperfections  in  the 
process ;  and  in  this  case  the  tin  will  show  signs  of 
pressure  in  place  of  the  usual  vacuum  ("blown" 
tins),  and  the  meat  may  have  an  offensive  smell  and 
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taste.  Not  unfrequently,  however,  no  such  changes 
are  noticed,  but  salts  of  tin,  zinc,  or  lead  are  found 
in  the  meat  and  jelly,  due,  no  doubt,  to  the  action 
of  sodium  chloride  or  organic  acids  upon  the  tin  or 
solder,  perhaps  aided  by  galvanic  action. 

Cooking  brings  about  coagulation  of  the  myosin 
and  other  albuminoids,  renders  the  meat  soft  and 
tender  by  converting  the  connective  tissue  into  gelatin, 
and  reduces  the  amount  of  water  and  extractives. 
Boiling  in  the  ordinary  way  causes  a  loss  of  25  per 
cent,  or  more,  but  most  of  the  salts  and  soluble  sub- 
stances may  be  retained  by  plunging  the  meat  for  five 
minutes  into  boiling  water,  and  then  continuing  the 
cooking  at  a  low  temperature.  The  loss  is  greater 
in  roasting  than  in  baking,  and  least  in  boiling.  The 
various  albuminoids  coagulate  at  temperatures  rang- 
ing from  85°  to  170°  F.,  haemoglobin  at  160°.  If, 
therefore,  the  temperature  at  any  part  does  not  reach 
160°  the  meat  is  underdone;  and  if  it  exceeds  170°  the 
tissues  shrink  and  become  hard  and  indigestible.  The 
best  temperature  is  about  160°.  Roasting  also  entails 
a  loss  of  about  25  per  cent.,  but  mainly  of  water, 
with  some  fat  and  a  little  gelatin.  It  is  advisable  first 
to  expose  meat  to  an  intense  heat  and  afterwards  cook 
it  slowly.  Ordinary  cooking  or  pickling  afibrds  little 
protection  in  meat  infected  with  specific  virus. 

JHeat  Inspection. — The  effectual  inspection  of 
meat  really  requires  (a)  veterinary  inspection  of 
animals  before  slaughter,  and  (6)  systematic  inspec- 
tion in  some  form  of  clearing-house  of  all  market 
meat.  In  the  absence  of  these  two  requirements, 
meat  inspection  must  necessarily  be  incomplete.  In 
some  countries  there  is  State  inspection,  and  all 
marketable  meat  bears  an  official  stamp.  In  this 
country,  however,  meat  inspection  rests  with  the 
Local  Authorities,  the  larger  of  which  employ  meat 
inspectors  specially  qualified  for  the  work. 
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QumliJUmi'fiu  •/  Mmi  ImtperUr»,—The  Ii.Q.B^  in  circukr 
liters  addieased  to  local  authorities  in  1899  and  1901,  strongrlj 
urged  that  Meat  Inspectors  should  be  directed  to  act  in  accord* 
ance  with  the  principles  laid  down  by  the  Royal  Commission 
with  r^ard  to  the  condemnation  and  seizure  of  meat  afi^^ted 
with  tuberculosia  (page  107),  and,  further,  that  they  should 
possess  proper  qnalificatiooa  for  the  office,  including  acquaint- 
ance with — 

(a)  The  law  of  meat  inspection. 

{b)  The  names  and  situations  of  the  organs  of  the  body. 

{c)  Signs  of  health  and  disease  in  animals  destined  for 

food,  both  when  alire  and  after  slaughter. 
{d)  The  appearance  and  character  of  fresh  meat,  organs* 

fat  and  blood,  and  the  conditions  rendering  theni«  or 

preparations  from  them,  fit  or   unfit  for  human 

food. 

Any  Inspector  of  Nuisances  or  Sanitary  Inspector  to  whom 
either  of  these  orders  applies  is  required  in  any  case  of  doubt 
in  connection  with  the  inspection  and  seizure  of  meat  to  report 
the  matter  to  the  Medical  Officer  of  Health,  with  the  view  of 
obtaining  his  advice  thereon. 

Methods  of  Inspectioru — Cursory  inspection  will 
frequently  mislead,  and  it  is  desirable  for  the  meat 
inspector  to  perform  his  duties  in  a  systematic 
manner.  At  the  slaughter-house  or  in  the  wholesale 
market  meat  may  be  examined  as  follows  (written 
notes  being  made)  : — 

(a)  Inspection  of  the  Carcase, — Note  in  partic- 

ular the  species  of  animal,  the  general 
character  of  the  carcase,  size,  weight,  emaci- 
ation, the  condition  of  the  bones,  the  pleura 
(and  whether  "  stripped "  or  not),  the 
peritoneum,  the  kidneys,  the  superficial  and 
deep  glands,  the  colour  and  condition  of 
the  flesh  (to  be  judged  by  the  freshly  cut 
surface),  staining  of  the  peritoneum  owing  to 
decomposition  in  the  intestine,  signs  of  dropsy 
or  inflammation,  signs  of  drugging,  etc. 

(b)  Inspection  of  the    Organs  (constiiutiw^   tKfi 
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^^ offal"), — The  head;  the  heart,  lungs  and 
liver  ("  plucks  ^*)  ;  spleen,  udder,  stomach, 
and  intestines,  should  each  be  examined  if 
available. 

(c)  The  Mode  of  Dressing  the  Carcase. — Artificial 
inflation  of  emaciated  tissues  by  air,  the 
smearing  of  fat  over  the  surface  of  the 
carcase,  stripping  of  the  membranes,  skilful 
dressing  of  the  carcase,  and  evident  prepara- 
tion of  it  for  market,  should  all  be  noted. 
Sometimes  methods  are  .adopted  to  disguise 
the  real  condition  of  meat  on  the  one  hand, 
and,  on  the  other,  meat  for  human  consump- 
tion is  dressed  to  a  marketable  standard. 

{d)  Miscellaneous, — In  addition  to  the  condition 
of  the  meat  itself,  there  are  other  matters 
not  to  be  neglected  by  the  meat  inspector, 
such  as  the  price  marked  upon  the  meat, 
whether  it  was  exposed  for  sale,  or  deposited 
for  the  purpose  of  sale,  or  deposited  for 
preparation  for  sale,  the  hour  at  which  it 
was  inspected  (or  subsequently  seized),  the 
condition  and  temperature  of  the  weather, 
etc.  All  these  may  become  of  importance 
in  any  subsequent  proceedings. 

Mode  of  Proceeding. — An  inspector  who  comes  across  un- 
wholesome meat  should  (a)  "seize"  it,  unless  it  be  voluntarily 
surrendered  by  the  owner  taking  the  initiative,  and  {h)  inform 
the  M.O.H,  If  the  M.O.H.  considers  the  meat  unfit  for  food, 
(c)  it  should  at  once  *be  submitted  to  a  magistrate  for  con- 
demnation and  destruction,  the  owner  being  permitted  to 
have  the  meat  seen  by  experts  on  his  behalf  if  he  so  wishes. 
{d)  The  case  should  be  fully  reported  to  the  S.A,  and 
instructions  taken  as  to  proceedings.  The  various  portions 
of  evidence  which  may  be  required  in  court  are  as  follows  : — 
(i.)  A  copy  of  the  summons  issued  by  the  S.A.  against  the 
owner  of  the  meat ;  (ii.)  the  order  signed  by  the  magistrate 
to  the  effect  that,  having  examined  the  meat,  he  had  ordered 
its  destruction ;   (iii.^  the  resolution  of  the  S.A.  or  Committee, 
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signedby  the  chairman;  (iv.)  copies  of  subpoenas;  (v.)  a  clear 
and  concise  statement  of  the  iospector's  evidence  of  seizure 
and  the  reasons  for  seizure ;  (vi.)  a  statement  by  the  M.O*H. 
as  to  the  pathological  condition  of  the  meat  in  question  and  its 
unfitness  for  human  food ;  (vii.)  collateral  evidence  of  medical 
or  veterinary  experts,  if  such  are  to  be  called,  and  of  other 
persons,  salesmen,  porters,  butchers,  slaughterers,  etc. 

Classification  of  Unwholesome  Meat,  —  Before 
forming  an  opinion  as  to  unwbolesomeness  of  meat, 
it  is  necessary  to  decide  as  to  its  quality  and  condi- 
tion ;  that  is,  whether  it  is  fresh  home-grown  meat  or 
frozen,  chilled,  salted,  or  pickled  meat  Having  as- 
sured himself  of  the  conditions  under  which  the  meat 
is  being  examined,  the  next  step  for  the  meat  inspector 
is  to  diagnose  the  disease  with  which  the  meat  is 
affected.  Broadly,  and  for  practical  purposes  of  meat 
iuspection,  these  may  be  divided  into  three  groups — 
(a)  General  pathological  conditions ;  (6)  Specific 
disease ;  (c)  Decomposition.  Among  the  first  group 
are  conditions  of  ordinary  degeneration  of  the  tissues 
and  inflammation :  fatty  infiltration,  calcification, 
and  infiltration  by  pigment,  as  in  melanosis  and  jaun- 
dice ;  cloudy  swelling,  fatty  degeneration,  amyloid 
disease,  gangrene,  etc. ;  fevered  flesh  and  the  meat 
of  unbled  animals  that  have  died  or  have  been 
slaughtered  when  in  a  moribund  condition.  The 
last  named  is  blood-stained,  sticky,  pits  on  pressure, 
and  possesses  a  uraemic  smell.  It  rapidly  decomposes, 
and  is  heavily  charged  with  ptomaines.  There  are 
a  variety  of  inflammatory  diseases,  some  of  which 
are  doubtless  due  to  specific  causes,  and  others  of 
which  the  origin  is  obscure. 

Secondly,  there  are  the  specific  diseases  of  animals 
which  cause  meat  to  be  unfit  for  food.  These  diseases 
are  not  necessarily  transmissible  to  man,  but  they 
produce  in  the  tissues  of  the  animal  suffering  from 
them  certain  poisonous  toxins.     It  should  be  remem- 
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bered  that  in  many  cases  such  products  occur  early 
in  the  disease,  and  not  only  when  it  has  reached  an 
advanced  stage.  Among  specific  diseases  for  which 
meat  should  be  seized  as  unfit  for  food  are  tubercu- 
losis, actinomycosis,  glanders,  anthrax,  swine  fever, 
contagious  pleuro-pneumonia,  septicaemia,  cattle 
plague,  and  a  large  number  of  parasitical  diseases. 

Decomposition  of  meat  is,  of  course,  a  post-mortem 
change.  The  rapidity  with  which  the  decomposition 
sets  in  depends  upon  many  circumstances  external  to 
the  meat,  such  as  temperature  of  the  air,  place  of 
storage,  etc.  Colour,  consistence,  and  odour  are  the 
three  chief  signs  upon  which  reliance  may  be 
placed. 

Fish  are,  as  a  rule,  nutritious  and  digestible  but 
deficient  in  fat,  though  eels  contain  it  in  abundance, 
and  salmon  and  herrings  also.  Fish  should  be  eaten 
only  in  season,  unbruised,  fresh,  firm,  and  free  from 
offensive  smell  and  disease.  Unsound  fish  is  dull  in 
appearance,  discoloured,  and  offensive.  The  least 
decomposition  renders  fish  unfit  for  food,  and  liable 
to  cause  gastro- intestinal  irritation  if  eaten.  Similar 
symptoms  occasionally  follow  the  use  of  apparently 
sound  fish.  Consumption  of  the  halibut,  and  prob- 
ably of  other  fish  also,  has  been  known  to  cau^e 
diarrhoea  and  vomiting,  and  within  a  few  hours  a 
vivid  red  rash  may  appear  over  the  upper  part  of 
the  body,  followed  by  profuse  desquamation  lasting 
several  days.  Fish  are  largely  preserved  by  the 
means  already  referred  to,  and  especially  by  drying, 
curing,  salting,  or  canning. 

Oysters  and  Shell-fish. — Oysters  eaten  raw 
are  readily  digested,  but  other  shell  fish  are  as  a  rule 
indigestible  and  not  unfrequently  cause  dyspepsia 
and  urticaria.  Mussels  are  especially  prone  to  be 
poisonous,  the  symptoms  including  not  only  dyspepsia 
and  urticaria,  but  also  swelling  of  the  tongue  and 
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fauces,  numbness  of  the  limbs,  and  weak,  irregulai* 
pulse.  Severe  and  often  fatal  attacks  have  been 
attributed  to  eating  mussels  gathered  upon  shores 
polluted  by  sewage.  Many  of  the  cases  of  mussel- 
poisoning  are  believed  to  be  due  to  simple  acute 
dyspepsia,  but  others  have  been  traced  to  an  alkaloidal 
poison  (mytilotoxine)  contained  in  the  liver  of  the 
mussel. 

Cockles  and  periwinkles  are  usually  cooked,  but 
mussels  are  often  eaten  raw,  and  if  taken  from  beds 
to  which  sewage  has  access  appear  occasionally  to  have 
given  rise  to  enteric  fever  among  consumers. 

Oysters,  under  like  conditions,  have  been  found  to 
convey  enteric  fever,  and  the  evidence  clearly  points 
to  a  certain  ability  to  transmit  the  infection  of 
cholera  also.  In  the  spring  of  1894  Newsholme 
attributed  a  number  of  cases  of  enteric  fever  at 
Brighton  to  the  consumption  of  oysters,  and  in  October 
and  November,  1894,  a  sudden  and  brief  outbreak  of 
enteric  fever  occurred  among  the  students  at  Wesley  an 
University,  Connecticut,  and  was  investigated  by  Conn. 
In  all,  23  of  the  students  were  attacked,  13  of  the  cases 
being  of  severe  character,  and  4  fatal.  The  other 
10  were  of  very  mild  type.  A  consideration  of  the 
dates  of.  attack  led  to  the  conclusion  that  infection 
must  have  taken  place  at  the  time  of  a  series  of  initia- 
tion suppers,  and,  by  exclusion  of  other  possible  factors, 
the  one  condition  common  to  all  sufferers  was  found 
to  be  the  eating  of  raw  oysters  taken  from  a  certain 
gi'ound  within  100  yards  of  sewers  receiving  the 
drainage  of  houses  in  one  of  which  were  two  persons 
suffering  from  enteric  fever.  Apart  from  the 
students,  there  were  a  number  of  guests,  two  of  whom 
had  well-marked  enteric  fever,  and  several  had  less 
definite  diarrha3al  attacks.  Chantemesse  has  re- 
corded that  in  June,  1896,  fourteen  persons  living  in 
six  houses  at  Saint- Andr6-de-Sangonis  ate  some  oysters 
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which  had  been  stored  m  sewage-contaminated  water. 
All  of  these  persons,  but  no  other  members  of  their 
households,  fell  ill.  Six  had  severe  attacks  of  enteric 
fever,  one  ending  fatally,  but  in  the  other  eight  the 
symptoms  were  slight.  Among  other  microbes,  the 
hdcUlua  coli  was  found  in  oysters  grown  under  like 
conditions ;  and  Eberth's  bacillus,  as  well  as  the  colon 
bacillus,  was  found  in  the  liquor  and  in  the  body  of  the 
oysters  which  had  been  placed  in  sea- water  purposely 
contaminated  with  enteric  discharges. 

In  1896  Bulstrode  and  Klein  reported  to  the  Ij.G.B.  upon 
Oyster  Culture  in  Relation  to  Disease.  Experiments  by  Klein 
gave  results  which  are  thus  summarised  by  Thome  Thome  in 
the  introduction  to  this  Keport  : 

1 .  The  cholera  vibrio,  and  still  more,  the  typhoid  bacillus,  are 

difficult  of  demonstration  in  sewage  known  to  have  re- 
ceived  them. 

2.  Both  these  organisms  may  persist  in  sea-water  tanks  for 
two  or  more  weeks,  the  typhoid  bacillus  retaining  its 
characteristics  unimpaired,  while  the  cholera  vibrio  tends 
to  lose  them. 

3.  Oysters  from  sources  which  appeared  to  be  free  from  risk 
of  sewage  contamination  exhibited  none  of  the  bacteria, 
specific  or  otherwise,  which  are  commonly  regarded  as 
being  concerned  with  sewage. 

4.  Oysters  from  a  few  out  of  numerous  batches  derived 
from  sources  Avh'ere  they  did  appear  to  be  exposed  to  risk 
of  sewage  contamination  were  found  to  exhibit  colon 
bacilli — a  circumstance  which,  notwithstanding  the  com- 
parative universality  of  this  intestinal  organism,  may  be 
regarded  as  having  some  sighificanco  by  reason  of  the 
absence  of  this  bacillus  from  oysters  which  appeared  to 
have  been  exposed  to  no  such  risk. 

Since  that  time  there  have  been  several  consider- 
able outbreaks  of  enteric  fever  and  gastrq-enteritis 
due  to  eating  infected  oysters,  including  two  at 
Winchester  and  Southampton  in  1902.  which 
Bulstrode  traced  to  eating  oysters  grown  on  beds 
polluted  with  sewage.  He  summarised  the  evidence 
as  follows  :  Two  mayoral  banquets  occur  on  the  same 
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day  in  separate  towns  several  miles  apart.  In  con- 
nection with  each  banquet  there  occurs  illness  of 
analogous  nature,  attacking,  approximately,  the  same 
percentage  of  guests  (62  persons  or  46*3  per  cent,  at 
Winchester,  55  persons  or  41*3  per  cent,  at  South- 
ampton), and  at  corresponding  intervals.  At  both 
banquets  not  every  guest  partook  of  oysters,  but  all 
those  guests  who  suffered  enteric  fever,  and  approxi- 
mately all  those  who  suffered  other  illness,  did  partake 
of  oysters.  Oysters  derived  directly  from  the  same 
source  constituted  the  only  article  of  food  which  was 
common  to  the  guests  attacked,  and  oysters  from  this 
source  were  at  the  same  time  and  in  other  places 
proving  themselves  competent  causes  of  enteric  fever. 
Klein  found  B,  coli,  B,  enteritidis  sporogenea^  and 
other  organisms  allied  to  the  Gaertner  group  of  bacilli 
in  oysters  from  the  same  layings,  and  many  other 
bacteriologists  have  demonstrated  the  presence  of 
these  organisms  in  oysters  derived  from  polluted 
beds. 

The  results  of  the  investigations  carried  out 
by  Houston  for  the  Royal  Commission  on  Sewage 
tend  to  prove  that  the  contamination  of  oysters  by 
B.  coli  is  widespread  and  not  altogether  dependent 
on  sewage  contamination.  He  examined  over  1,000 
oysters,  and  nearly  all,  from  whatever  laying  they 
were  taken,  contained  B.  coli  or  coliform  organisms. 
This  did  not  hold  good  as  regards  deep-sea  oysters, 
which  were  free  from  this  organism  (and  spores  of 
B,  enteritidis  sporogeneH),  as  was  also  deep-sea  water. 
Houston  found  the  number  of  B.  coli  in  an  oyster 
varied  from  10  to  10,000  (in  10-15  cc),  and  the 
contents  of  the  stomach  of  the  oyster  contained  more 
B,  coli  than  the  liquor  in  the  shell.  Fewer  B,  coli 
were  found,  as  a  rule,  in  oysters  stored  in  pure 
waters,  but  instances  occurred  where  the  numbers  of 
such  bacilli  were  as  great  as  in  oysters  from  contawv- 
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inated  sources.  It  has  been  shown  by  various 
workers,  most  recently  by  Klein  in  1905,  that  oysters, 
cockles  and  mussels  have  the  power  of  clearing  them- 
selves of  infective  germs,  partly  by  passing  them 
out,  and  partly  by  **  directly  devitalising  the 
microbe." 

Such  is  some  of  the  bacteriological  evidence  down 
to  recent  date,  and  whilst  it  may  appear  to  be  of  a 
conflicting  nature,  there  are  certain  conclusions  which 
may  be  drawn.  First,  the  number  as  well  as  the 
presence  of  B.  coli  in  oysters  must  be  considered. 
Secondly,  topographical  evidence  as  to  pollution  must 
be  taken  in  conjunction  with  bacterial  evidence,  and, 
at  present,  the  former  is  more  reliable  than  the  latter. 
Thirdly,  oysters  ordinarily  grown  on  contaminated 
oyster-beds  may,  and  do  on  occasion,  contain  the 
virulent  specific  bacillus  of  typhoid,  which  can  live 
both  in  sea-water  and  within  the  shell  of  the  oyster. 
This  being  so,  the  risk  of  typhoid  infection  from 
oysters  is  a  real  one,  although  in  actual  occurrence 
many  conditions  have  to  be  fulfilled. 

Preventive  Measures, — Present  legislation  does  not  give  to 
local  authorities  any  power  of  inspection  or  control  over  oyster- 
layings  or  shell-fish  beds,  nor  any  powers  to  prevent  the  sale 
in  their  district  of  oysters  and  other  molluscs  derived  from 
sewage-contaminated  sources,  nor  have  they  powers  to  control 
the  importation  of  foreign  oysters  from  whatever  source. 
Oysters  fattened  on  contaminated  beds  should  be  deposited  for 
a  time  in  pure  sea-water  before  consumption.  They  should  on 
no  account  be  stored  in  unclean  water. 

Other  shell-fish  than  oysters  from  time  to 
time  cause  epidemics  or  individual  cases  of  gastro- 
intestinal irritation,  and  probably  contain  germs 
acquired  from  their  food,  which  is  frequently  filth. 
In  a  report  to  the  L.G.B.  on  "  Cockles  as  Agents  of 
Infectious  Diseases,"  Klein  recorded  finding  B.  coli 
in  3  out  of  8  cockles  which  had  been  taken  from  a 
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foreshore  polluted  with  the  discharge  from  a  sewer 
outfall,  and  also  B.  enteritidis  sporogeiies  in  4  of  them. 
No  typhoid  bacilli  were  detected.  In  8  raw  cockles 
in  their  shells  bought  from  a  street  hawker,  be  found 
no  typhoid  organisms,  but  B.  coli  was  found  in  5  out 
of  the  8  cockles  and  B,  enteritidis  sporogenes  in  4  out 
of  the  8.  In  subsequent  experiments  Klein  came  to 
the  conclusion  that  a  mussel  immersed  for  22  hours  in 
cholera-infected  water  retained  the  bacilli  of  cholera 
for  48  hours  after  immersion  in  clean  sea- water,  and 
the  same  may  be  said  in  respect  of  typhoid  infection. 
Indeed,  evidence  was  obtained  showing  that  the 
typhoid  bacillus  could  multiply  in  cockles.  Merely 
pouring  boiling  water  over  a  heap  of  shell-fish,  as  is 
customary,  does  not  necessarily  destroy  either  cholera 
or  typhoid  infection  contained  in  them.  Steam  sterili- 
sation or  boiling  is  necessary.  Since  the  time  of 
Klein^s  report,  a  number  of  outbreaks  of  disease, 
including  enteric  fever,  have  been  traced  to  the 
consumption  of  mussels  and  cockles,  and  it  has  been 
shown  that  the  cooking  which  these  shell-fish  generally 
undergo  is  not  sufiicient  to  free  them  from  risk. 

milk  contains  nitrogenous  substances,  fat,  carbo- 
hydrates, salts,  and  water,  and  may  be  regarded,  in  a 
sense,  as  a  complete  diet  in  itself.  The  chemical 
composition  varies  somewhat  according  to  the  breed  of 
animal,  its  age,  the  period  since  calving,  and  the  diet 
and  physical  conditions. 
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Or  the  average  milk  constitution  may  be  expressed 
thus : — 

Fat       .... 
Srilids  not  f:it 

Total  solids 
Water 

Milks  vary  in  standard,  and  the  above  figures  can 
only  be  taken  as  fair  averages. 

Milk-suffar,  or  Lactose  (Cyfi-^fi-^^f  is  a  constant  conBtitaent 
of  milk,  forms  the  chief  substance  in  solution  in  whey  or 
s(;rum,  and  is  a  member  of  the  cane-sugar  group.  Is  foiind  in 
var^'ing  quantities  in  the  milk  of  mammals.  About  5  per  cent 
is  present  in  human  milk;  and  somewhat  less  in  that  of  tlie 
cow.  It  is  very  resistant  to  fermentation  by  yeast,  and  there- 
fore undergoes  alcoholic  fermentation  very  slowly.  It  is  not 
acted  upon  by  rennet,  pepsin,  or  trypsin.  But  of  all  the 
sugars  it  is  most  readily  acted  upon  by  micro-organisms. 

Fat  occurs  in  milk  as  suspended  globules  of  varying  size. 
It  forms  the  cream,  and  by  churuing  is,  of  course,  made  into 
butter,  though  both  cream  and  butter  contain  other  constitnents 
besides  fat.  Lloyd  has  shown  that  it  is  the  large  globules  that 
form  the  cream,  and  he  has  also  made  observations  upon  the 
size  of  fat  globules  in  relation  to  breed  of  cattle.  The  decom- 
position and  breaking  down  of  milk-fat  by  fermentation  is  the 
chief  cause  of  gross  abnormalities  of  cream  and  the  rancidity  of 
butter.  The  proportion  of  cream  averages  about  8  per  cent., 
but  ranges  from  6  per  cent,  in  very  poor  milk  to  12  per  cent 
or  15  per  cent,  or  more  ;  in  Alderney  cows  it  may  reach  40  per 
cent.  One  part  of  cream  ia  said  to  correspond  roughly  to  0*2 
part  of  fat.  More  complete  separation  of  cream  is  effected  by 
c(;ntrifugalisation  in  a  "  separator."  Skimmed  milk  retains  as 
a  rule  about  1  per  cent,  or  more  of  fat ;  separated  milk  much 
less.  Both  contain  the  c<asein,  sugar,  and  salts  of  the  milk 
from  which  they  were  made,  and  have  therefore  considerable 
nutritive  value.  "  Fore-milk,"  which  is  the  first  part  of  the 
yield  of  milk  from  the  udder,  contains  but  little  fat ;  the 
**  strippings,"  on  the  other  hand,  at  the  end  of  milking,  are 
rich  in  fat. 

I'he  Proteids  of  Milk  include  casein,  lactalbumin,  and  lacto- 
globulin.  Casein  is  the  most  abundant  and  important  When 
milk  separates  naturally  into  its  constituent  parts,  the  lat  rises 
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Hud  the  casein  falls,  leaving  a  clear  fluid,  tho  milli  plasma  or 
Berum,  between  tho  two  aubstaoces. 

Mineral  Matter.—The  ash  of  milk,  obtained  bj-  careful 
ignition  of  '  'ie  solids,  contains  caloiiim,  iiiagfneaium,  pataagiiim, 
E^idium,  phusphoric  acid,  Niilphiuic  acid,  chlorine,  and  iron— 
phosphoric  acid  and  lime  being  present  iu  the  Ltrgest  amounts. 

Human,  milk  contains  less  fat,  leas  protcid,  and 
more  sugar  than  cow's  milk  {p,.ij ,  !*ii  analysis  of  average 
1  mm  an  milk  would  result  in  tot;iI  solids,  12-5;  fat, 
37;  proteids,  2'3  ;  kctoae,  6-2;  and  ash,  0'3),  and 
therefore  to  modify  cow'a  milk  ao  as  to  bring  it  approxi- 
mately to  the  staudai-d  of  human  milfc,  it  is  necessary 
to  dilute  it  and  add  milk-sugar.  Much  debate  haa 
arisen  as  to  what  ahould  be  accepted  aa  the  minimum 
atandard  for  the  various  constituents  of  milk.  Broadly 
it  is  now  usual  to  fix  the  fat  standard  at  2-73-3  per 
cent.,  and  the  "aolida  not  fat  "  at  8'5  per  cent. 

The  following  are  the  recommendations  (1901)  of 
the  majority  of  a  Departmental  Committee  ; — 

1.— That  RBgulationa  under  a.  4  ot  the  Food  and  Briigs 
Act,  189B,  ba  made  hy  tha  Board  of  Agriculture  with  respect 
to  milk  (including  condensed  milk]  and  cream. 

2. — (a)  That  in  tho  ease  ot  any  milk  (other  than  skimmed, 
sepanttod,  or  condansed  milk)  tha  lolal  milk  solids  in  whieh,  on 
being  dried  at  100°  C,  do  not  amount  to  12  par  cant,  a  pre- 
Bumplioti  shiU  be  raised,  until  the  contrary  ia  proved,  that  the 
milk  is  deficient  in  tho  nonnji]  constituents  of  genuine  milk. 

ii)  That  any  milk  (other  than  skimmad,  FOparated,  or 
ensfld  millc)  tho  total  milk  aolids  in  which  ace  leas  than  12 
per  cent,,  and  in  which  the  amount  of  milk  tat  is  less  than 
^*2A  per  cent,  ahall  be  deemed  to  be  so  deficient  in  milk  fat  aa 
to  tiAno  a  presumption  that  it  has  haen  mised  with  separated 
milk  or  water,  Or  that  some  portion  o[  its  normal  content  of 
milk  fat  has  becM  removed.  In  calculating  the  percenta:^ 
amount  of  deflinancy  of  fat  the  aoatyat  sh'ill  have  regard  to  the 
aboye-named  lirait  of  3-25  par  cent,  of  milk  tat, 

(c)  That  any    milk  (other    than  skimmed,  separated,  or 

condensed  milk)  the  total  milk  aulids  in  which  are  less  than  1'2 

per  cent,,  and  in  which  the  non-fatty  milk  solids  are  loss  than 

8'5   per  cent.,  «ha11  ho  deemed  to  be  so  dedcient  in  normal 

^wmgiitu^nta  aa  to  raiae  a  presumption  that  it  haa  been  mixed 
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with  water.  In  calculating  the  percentage  amount  of  ad- 
mixed water  the  analyst  shall  have  regard  to  the  above- 
named  limit  of  8*5  per  cent,  of  non- fatty  milk  solids,  and  shall 
further  take  into  account  the  extent  to  which  the  milk  fat  may 
exceed  3*25  per  cent. 

3. — That  the  artificial  thickening  of  cream  by  any  addition 
of  gelatine  or  other  substance  shall  raise  a  presumption  that 
the  cream  is  not  genuine. 

4. — That  any  skimmed  or  separated  milk  in  which  the 
total  milk  solids  are  less  than  9  per  cent,  shall  be  deemed  to  be 
so  deficient  in  normal  constituents  as  to  raise  a  presumption 
that  it  has  been  mixed  with  water. 

5. — ^That  any  condensed  milk  (other  than  that  labelled 
"  machine-skimmed  milk  "  or  *'  skimmed  milk,"  in  conformity 
with  s.  II  of  the  Food  and  Drugs  Act,  1899)  in  which  either 
the  amount  of  milk  fat  is  less  than  10  per  cent,  or  the  amount 
of  non-fatty  milk  solids  is  less  than  25  per  cent,  shall  be  deemed 
to  be  so  deficient  in  some  of  the  normal  constituents  of  milk  as 
to  raise  a  presumption  that  it  is  not  genuine. 

The  following  expressions  of  opinion  are  added : — 

{a)  That  it  is  desirable  to  call  the  attention  of  those 
engaged  in  the  administration  of  the  Food  and  Drugs  Acts  to 
the  necessity  of  adopting  effective  measures  to  prevent  any 
addition  of  water,  separated  or  condensed  milk,  or  other 
extraneous  matter,  for  the  purpose  of  reducing  the  quality  of 
genuine  milk  to  any  limits  fixed  by.  regulation  of  the  Board  of 
Agriculture. 

{b)  That  it  is  desirable  that  steps  should  be  taken  with  the 
view  of  identifying  or  ** ear-marking"  separated  milk  by 
the  addition  of  some  suitable  and  innocuous  substance,  and  by 
the  adoption  of  procedure  similar  to  that  provided  by  s.  7  of 
the  Food  and  Drugs  Act,  1899,  in  regard  to  margarine. 

(c)  That  it  is  desirable  that,  so  far  as  it  may  be  found 
practicable,  the  procedure  adopted  in  collecting,  forwarding, 
and  retaining,  pending  examination,  samples  of  milk  (including 
condensed  milk)  and  cream  under  the  Food  and  Drugs  Acts 
should  be  uniform. 

{d)  That  it  is  desirable  that,  so  far  as  may  be  found 
practicable,  the  methods  of  analysis  used  in  the  examination 
of  samples  of  milk  (including  condensed  milk)  or  cream  taken 
under  the  Food  and  Drugs  Acts  should  be  uniform. 

(e)  That  it  is  desirable  in  the  case  of  condensed  milk  (other 
than  that  labelled  *' machine-skimmed  milk"  or  "skimmed 
milk,"  in  conformity  with  s.  11  of  the  Food  and  Drugs  Act, 
1899)  that  the  label  should  state  the  amount  of  dilution 
required  to  make  the  proportion  of  milk  fat  equal  to  that 
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found  in  uncondensed  milk  containing  not  less  than  3*25  per 
cent,  of  milk  fat. 

(/)  That  it  is  desirable  in  the  case  of  condensed  whole 
milk  to  limit,  and  ia  the  case  of  machine-skimmed  milk  to 
exclude,  the  use  of  sugar. 

{g)  That  official  standardising  of  the  measuring  vessels 
commercially  used  in  the  testing  of  milk  is  desirable. 

The  Sale  of  Milk  Regulations  of  1901  which 
followed  this  report  lay  down  that  (a)  where  a  sample 
of  milk  contains  less  than  3  per  cent,  of  milk-fat,  it 
shall  be  presumed  until  the  contrary  is  proved  that 
the  milk  is  not  genuine  by  reason  of  the  abstraction 
therefrom  of  milk  fat  or  the  addition  thereto  of  water ; 
(6)  where  a  sample  of  milk  contains  less  than  8*5  per 
cent,  of  "  solids  not  fat,"  it  shall  be  presumed  until 
the  contrary  is  proved  that  the  milk  is  not  genuine 
by  reason  of  the  abstraction  therefrom  of  "  solids  not 
fat,"  or  the  addition  thereto  of  water ;  and  (c)  when  a 
sample  of  skimmed  or  separated  milk  (not  being 
condensed  milk)  contains  less  than  9  per  cent,  of  solids 
(including  fat),  it  shall  be  presumed  that  the  milk  is 
not  genuine.  These  regulations  are  in  force  through- 
out Great  Britain. 

Adulterations. — Addition  of  water  and  abstraction 
of  cream  are  by  far  the  most  frequent  frauds.  Sodium 
carbonate,  sodium  chloride,  starch,  borax  (1-2,000), 
formalin  (1-50,000),  or  salicylic  acid  are  occasionally 
added,  either  as  preservatives  or  in  order  to  mislead 
the  analyst.  Skimmed  milk  or  separated  milk  is  fre- 
quently fortified  by  the  addition  of  condensed  milk, 
and  whole  milk  is  not  unfrequently  diluted  with 
separated  milk.  A  good  deal  of  **  manipulation  "  of 
milk  goes  on,  mixing  of  poor  with  rich,  and  of 
separated  and  condensed  milks  with  water  and  with 
whole  milk.  Annatto  and  turmeric  are  often  added 
to  impart  a  yellow  colour  to  milk. 

Addition  of  water  lowers  the  specific  gravity,  the 
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percentage  of  fat,  '^  solids  not  fiett^"  and  salts ;  it  also 
makes  the  ci*eam  rise  more  readily  to  the  surface. 
Abstraction  of  fat,  by  skimming  or  by  the  use  of  the 
separator,  increases  the  specific  gravity  and  the  per- 
centage of  salts  and  "solids  not  fat,"  but  of  course 
reduces  the  fat  and  therefore  the  yield  of  cream.  The 
addition  of  condensed  milk  to  skimmed  milk  may  give 
an  appearance  of  extreme  richness,  but  the  salts 
and  **  solids  not  fat "  will  be  in  excess. 

Owing  to  the  social  changes  by  which  an  increasing 
percentage  of  the  population  lives  in  towns,  the  practice 
of  adding  preservatives  to  milk,  with  a  view  to 
"  keeping  "  it  over  the  necessary  transit  and  delay  in 
reaching  the  consumer,  is  increasing. 

In  1901  another  Departmental  Committee  ap- 
})ointed  by  the  Board  of  Agriculture  recommended : — 

1.  That  the  use  of  formaldehyde  in  food  and  drink  be 
absolutely  prohibited,  and  that  salicylic  acid  be  not  used  in 
greater  proportion  than  one  grain  per  pint  or  pound  respectively 
for  liquid  or  solid  food,  its  presence  in  all  cases  to  be  declared. 

2.  That  the  use  of  any  preservatives  or  colouring  matter* 
in  milk  be  made  an  offence  under  the  Sale  of  Food  and  Drugs 
Acts. 

3.  That  boric  acid  preservatives  only  be  allowed  in  cream 
the  amount  not  to  exceed  0*25  per  cent,  and  be  notified  on  a 
Ijibel. 

4.  That  boric  acid  preservatives  only  be  allowed  in  butter, 
the  amount  not  to  exceed  O'o  per  cent. 

5.  That  chemical  preservatives  be  prohibited  in  all  dietetic 
preparations  for  the  use  of  children  and  invalids. 

6.  That  the  use  of  copper  salts  for  '*  greening  "  be  pro- 
hibited. 

7.  That  a  Court  of  Reference  be  established  to  supervise 
the  use  of  preservatives  and  colouring  matters  in  food. 

Bacteria  In  milk. — Milk  as  it  leaves  the  healthy 
udder  is  a  sterile  fluid,  but  at  the  time  of  milking, 
during  transit  to  the  dairy,  at  the  milkshop,  and  in  the 
home  of  the  consumer,  it  becomes  more  or  less  con- 
taminated.   Being  a  favourable  medium  for  the  growth 
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of  biictei-ia,  and  being  frequently  kept  for  aonie  time  at 
a  favourable  teispei'ature  for  the  multiplicalion  of 
germB,  milk  becomea,  as  a  i-ule,  heavily  impregnfited. 
with  bacteria.  Disease  of  the  cow's  udder  when  present 
would  add  a  furthei-  quota.  Thus  it  comes  about  that 
milk  is  often  found  to  contain  millions  of  bacteria  per 
cubic  oentimetre,  varying  in  number  according  to 
cleanlinesH  or  otherwise,  treatment,  temperature,  and 
storage.  The  species  of  bacteria  found  in  milk  may 
be  i-oughly  classified  as :  (a)  ordinary  bacteria  of  soil 
and  water;  (6)  bacteria  of  sewage,  manure,  or  intestinal 
origin;  (c)  bacteria  of  fermentation,  and  (rf)  pathogenic 
organisms  associated  with  tuberculosis,  enteric  fever, 
scarlet  fever,  diphtheria,  aore  throat  and  epidemic 
diarrhcea.  Here  it  is  only  necessary  to  consider  tlie 
last  two  groups  of  bacteria. 

Milk-sugar  undergoes  fermentation  like  other 
Eugars  upon  the  introduction  of  a  suitable  feiTuenting 
agent.  There  are  five  different  kinds  of  such  fer- 
mentation which  affect  milk,  namely,  lactic  acid  and 
butyric  a«id  fermentations,  coagulation  fermentation 
without  acid-production,  alcoholic  fermentation,  and, 
lastly,  a  group  of  anomalous  changes  of  various  kinds, 
LantiQ  aciti  fermentation  is  the  ordinary  souring  of 
milk.  The  coagulated  casein  is  precipitated,  the  serum 
rises  and  carries  u[>  lumps  of  fat,  and  the  whole  be- 
comes acid.  This  change  is  due  to  a  group  of 
Iiacilli  {B.  aaidi  lactici),  the  lirst  member  of  which 
WHS  discovered  by  Pasteur  and  isolated  by  Lister. 
""  '      access    to   milk    from  externa!    sources, 

irticular  kinds  being  found  in  the  vicinity  of 
trticular  dairies,  soils,    geographical  localities,   etc., 

s  giving  to  milk  and  butter  characteristic  flavours. 

The  lactic  fermentation  bacteria  are  short  rods,  do 
not  liquefy  gelatine,  nor  do  they  form  spores.  They 
grow  readily  on  gelatine  at  room  temperature,  forming 
>^  a  rule  small  circular  colonies,   white  or  grey  in 
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colour,  with  sometimes  a  tinge  of  yellow,  and  the 
surface  of  the  colony  is  smooth  and  glistening.  The 
lactic  acid  organisms  produce  appreciable  amounts  of 
lactic  acid  only  at  somewhat  elevated  temperatures. 
If  the  amount  of  acid  rises  much  above  2  per  cent., 
the  growth  of  the  lactic  acid  bacteria  is  inhibited. 
Many  other  substances  are  produced  in  addition 
to  lactic  acid  (e.g,  acetic  and  formic  acids,  alcohol, 
methane,  COg,  etc.).  Only  provisional  classifications 
are  possible  at  present,  as,  owing  to  variations  in 
biology  and  terminology,  it  is  probable  that  certain 
lactic  organisms  are  described  under  several  different 
terms.  Generally,  it  may  be  said  that  some  grow  well 
in  the  presence  of  oxygen,  and  others  do  not.  The 
most  common  members  of  the  group  are  the  faculta- 
tive anaerobes  which  sour  milk  best  in  deep  vessels, 
and  produce  a  right-handed  lactic  acid.  They  are 
widely  distributed  in  nature,  and  may  form  90  per 
cent,  of  the  total  bacteria  in  milk.  Some  produce  gas, 
others  liquefy  gelatine,  and  some  produce  spores. 

Butyric  acid  fermentation,  due  to  the  B.  butyricus, 
is  a  bitter  fermentation  in  which  hydrogen  and  car- 
bonic acid  gas  are  produced.  It  has  little  of  the 
importance  of  lactic  fermentation  or  even  of  alcoholic 
fermentation  by  yeasts,  by  which  "  koumiss "  is  pre- 
pared from  mare's  milk  and  "  kephir  "  from  the  milk 
of  goats,  sheep,  and  cows.  Other  fermentations  of 
milk  are  represented  in  (a)  bitter  fermentations  (due  to 
Weigmann's  bacillus  or  Conn's  micrococcus);  (6)  slimy 
fermentations  which  produce  the  "ropiness  "  used  in 
the  manufacture  of  Edam  cheese  and  toettmcelk  (due  to 
Micrococcus  viscosus  and  Streptococcus  hollandicus, 
etc.);  (c)  soapy  milk  caused  by  B.  lactis  sapona^cei, 
and  (d)  a  number  of  chromogenic  fermentations.* 

Pathogenic  organisms  gain  access  to  milk  both 

*  Red  milk  (B.  prodigiosus  and    B.  lactis   erythrogenes) ;    blue    milk 
(S.  cyanogenes) ;  yellow  milk  (B.  synxanthns) ;  etc. 
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from  the  cow  and  from  aouroes  external  to 
The  tubercle  bacillus  is  the  chief  example  of  the 
former  chaniiel.  Probably  not  leas  thun  15  to  20  per 
cent,  of  the  milch  cows  of  this  country  are  affected 
with  tuberculosis,  and  about  2  per  cent,  with  tuber- 
culous disease  of  the  udder.*  The  milk  is  most 
infective  when  the  udder  is  diseased.  From  1896  to 
1903  it  was  found  that  8'4  per  cent,  of  the  country 
milk  brought  into  Liverpool  was  tuberculous,  and 
percentages  varying  from  5  to  14  have  been  frequently 
reported  in  market  milk  in  this  country.  Whilst 
tuberculosis  is  not  commonly  ajiread  among  human 
beings  by  means  of  an  infected  milk  supply,  there  is 
evidence,  derived  from  pathological  and  clinical  ex- 
perience, proving  that  tuberculous  milk  can  and  does 
on  occasion  set  up  some  form  of  tubei'CulosiH,  human 
or  bovine  {Ra«>),  in  the  bodies  of  man  and  other 
animals  consuming  the  milk.  Phthisical  milkmen  may 
introduce  the  human  tubercle  bacillus  to  milk.  All 
danger  may  be  obviated  by  boiling  the  milk.  The 
typhoid  bacillus  has  occasionaily  found  its  way  from 
sewage,  water,  or  infective  dust  into  milk,  which  is  r 
fiivourAble  medium  for  its  multiplication.  The  aamo 
may  be  said  of  the  diphtheria  bacillvn,  which,  in  four 
cufiea  on  record,  has  been  actually  isolated  from  milk 
suspected  of  conveying  the  disease  [Bowhill,  Eyre, 
Klein,  Dean  and  Todd).  Some  authorities  now  hold 
that  diphtheria  is  a  disease  of  the  cow  and  that  the 
'bacillus  sometimes  gains  access  to  railk  from  the  udder. 
Tarious  forms  of  streptococcus  have  also  been  isolated 
&om  milk.  Their  exact  pathological  signifii 
Unknown. 
Examination  of  milk. 

.  Spieijii  granily   of  milk  is   meaaured  by  a   lactometer 
(which  i*  s  delicute  hydrometer)  oi   by  a  Weetphal  balance- 
were  1,1D2,I)0D  niHoli  cons  in  the  UniUd  Eingd 
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The  speci6c  gravity  averages  about  1030-1032.    It  is  lowered 
by  watering,  and  raised  by  abstraction  of  fat. 

2.  Total  Solids,  which  range  from  12  to  13  per  cent.,  are 
estimated  by  evaporating  a  small  quantity  of  the  milk  in  a 
platinum  dish,  weighing  before  and  after  drying  (weight  of 
residue  x  100  divided  by  weight  of  milk  =  percentage  total 
solids).  By  deducting  the  amount  of  fat,  the  solids  not  fat  are 
obtained.  The  ash  of  milk,  usually  about  0*7  per  cent.,  is  of 
little  value  as  an  indication  of  quality. 

3.  Fat  may  be  determined  (a)  by  mechanical  methods  such 
as  centrifugalisation,  or  (b)  by  extraction  of  the  fat  by  ether, 
with  or  without  preliminary  destruction  of  the  caseine  by  acid. 
In  Adams*  method  five  c.c.  of  the  milk  are  spotted  on  to  a 
porous  paper,  which  is  thoroughly  dried,  and  then  rolled  up 
and  extracted  with  ether  in  a  Soxhlet  apparatus.  The  ether  is 
syphoned  off  and  evaporated,  and  when  a  constant  weig^ht  is 
obtained  the  quantity  of  fat  is  determined.  BelFs  method  is 
extraction  of  fat  with  ether,  after  evaporation  of  the  whole 
sample,  and  this  method  is  particularly  useful  in  treating 
curdled  milk. 

The  fat  in  unadulterated  milk  is  never  less  than  3'0  per 
cent.,  unless  the  "  fore  milk  "  alone  is  taken,  so  that  when  skim- 
ming as  well  as  watering  is  suspected,  the  ratio  3*0  :  8*5  may  be 
taken  as  the  minimum  proportion  of  fat  to  *'  solids  not  fat," 
and  if  the  ^^  solids  not  fat "  are  :r,  the  fat  should  be  at  least 

3'0 
—x,   and  if  the  ascertained  amount  y  of  fat  falls  short  of  this, 

(3*0  \        3*0 

—  a;  —y\  -^  —  x    per 
8*5  /        8-0 

cent,  of  fat  has  been  abstracted. 

4.  Water — The  results  of  many  thousands  of  analyses 
show  that,  although  the  fat  varies  greatly,  the  percentage  of 
**  solids  not  fat "  in  unadulterated  milk  falls  below  8*5  very 
rarely.  Hence  8-5  per  cent,  is  adopted  as  a  standard. 
If  a  given  milk  contains  x  per  cent,  "solids  not  fat," 
and  X  is  less  than  8*6,  we  can  affirm  that  however  poor  the 
milk   might    have    been   originally,   it  must  contain   added 

/8*6  —  ic  \ 

water  to  the  extent  of  at  least  {  x  100  \  per  cent,   of 

the  sample ;  or,  in  other  words,  it  is  | x    100 1  per  cent. 

\     8-6  I 

worse  than  genuine  milk  of  poorest  quality.  If  it  was 
originally  milk  of  fair  quality,  the  adulteration  must  have 
been  much  greater.- 
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5.  Preservatives  in  Milk,  —  Boracie  aeid  is  detected  by 
moisteniDg  the  ash  with  alcohol  and  lijiO^,  and  applying 
a  light  to  the  mixture  when  so  little  as  1  part  in  10,000  will 
give  a  g^reen  flame ;  or  the  ash  may  be  treated  with  dilute 
HCl,  and  turmeric  paper  will  be  turned  brown,  and  if 
touched  with  sodium  carbonate,  bluish-black.  Salicylic  acid 
is  detected  by  curdling  the  milk  with  mercuric  nitrate,  and 
then,  after  shaking  it  up  with  ether,  evaporating,  and  moisten- 
ing the  residue  with  ferric  chloride.  A  blue  coloration  will 
denote  the  presence  of  salicylic  acid.  Formalin,  if  present,  may 
be  detected  by  the  casein  staining  yellow  on  the  addition  of  HGl. 

6.  Bacteriological  Examination  is  somewhat  similar  to  that 
of  water.  Plate  cultivations  are  made,  etc.,  but  it  is  usually 
necessary  to  dilute  the  milk  with  sterile  water.  Special 
methods  of  examination  have  to  be  adopted  in  searching  for 
pathojirenic  organisms.  Generally  it  may  be  said  that  by  the 
centr^ge  or  sedimentation  flask  the  particulate  matter  is 
obtained,  and  2  c.c.  are  inoculated  into  a  susceptible  animal. 
For  reliable  examination  for  the  tubercle  bacillus  it  is 
necessary  to  inoculate  animals  with  the  milk,  as  many 
bacilli  simulate  the  tubercle  bacillus  in  almost  every  particular, 
except  its  pathogenic  effect.  Special  staining  tests  are 
necessary  for  B.  diphtheria  and  anaerobic  culture  for 
B.  enteritidis  sporogenes.  The  number  and  kind  of  bacteria 
present  should  be  determined,  the  degree  of  acidity,  and  the 
presence  or  absence  of  pus  cells,  yeast  cells,  dirt,  etc. 

niilk  in  relation  to  disease. — From  the 
point  of  view  of  preventive  medicine  the  most  im- 
portant milk-borne  diseases  are  enteric  fever, 
diphtheria,  scarlet  fever,  sore  throat  illnesses,  and 
epidemic  diarrhcea.  Tuberculosis  is  not  commonly 
spread  by  milk,  and  only  one  or  two  outbreaks  of  milk- 
borne  cholera  are  on  record.  Whether  other  infectious 
diseases,  such  as  measles,  whooping  cough  and  small- 
pox, are  ever  conveyed  by  milk  remains  to  be  proved. 

An  inflammatory  aflfection  of  the  udder,  known  as 
garget^  has  been  suspected  of  causing  outbreaks  of  sore 
throat,  etc.,  in  those  using  the  milk.  Milk  from  cows 
Buffering  from  foot-and-mouth  disease  is  capable  of 
producing  illness  with  aphthous  stomatitis,  swelling 
of  the  tongue,  and  foetor   of  the  breath,  especiallj 
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in  children ;  in  other  cases  a  severe .  form  of 
sore  throat  has  been  the  chief  feature.  Similar 
symptoms  may  attend  the  consumptibn  of  milk 
from  cows  affected  with  inflammation  or  abscess  of 
the  udder.  The  evidence  is  less  clear  in  regard 
to  other  specific  diseases  to  which  cows  are  subject, 
and,  indeed,  in  most  of  them  the  secretion  is  suppressed, 
but  the  milk  should  never  be  used  for  food.  In  the 
Western  States  of  America  cows  are  subject  to  a 
disease  called  the  "trembles,"  supposed  to  be  due 
to  their  eating  Rhus  toxicodendron^  and  their  milk 
appears  to  cause  in  children  vomiting,  constipation, 
swelling  of  the  tongue,  and  prostration,  with  abnor- 
mally low  temperature.  The  milk  of  goats  that  had 
fed  on  Euphorhium  or  Meadow  Saffron  has  been  known 
to  induce  severe  diarrhoea.  Even  in  the  human  subject 
bitter  and  purgative  drugs,  not  to  mention  morphia 
and  other  alkaloids,  if  taken  by  the  mother,  act  upon 
the  infant  through  the  milk.  Colostrum,  the  milk 
yielded  by  cows  immediately  after  calving,  has  also 
been  shown  to  exert  a  deleterious  effect  on  persons 
consuming  it.  Lastly,  disease  has  been  caused,  it  is 
believed,  by  yeast  cells  in  milk.  Such  an  outbreak 
occurred  at  Lincoln  in  1902  (199  cases).  The 
symptoms  of  the  disease  simulated  scarlet  fever. 
There  was  much  swelling  of  the  tonsils  and  cervical 
glands  with  pyrexia,  gastritis,  and  "  rheumatism." 
Klein  isolated  what  he  believes  to  be  a  pathogenic 
yeast  possibly  bearing  a  relationship  to  the  spores  of 
rusts,  smuts,  and  mushroom  fungi  consumed  by  the 
cows  yielding  the  milk. 

Enteric  Fever. — In  1857  Michael  Taylor,  of 
Penrith,  first  established  the  fact  that  milk  may  convey 
enteric  fever.  Since  that  date  more  than  150  epidemics 
of  this  disease  have  been  traced  to  an  infected  milk 
supply.  Schuder  states  that  17  per  cent,  of  all  typhoid 
epidemics  are  thus  caused.     The  channels  of  infection 
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by  which  the  bacillus  obtains  access  to  milk  have  been 
shown  by  a  study  of  these  outbreaks  to  be  from  direct 
contact  with  typhoid  patients,  from  washing  milk 
vessels  with  infected  water,  from  the  addition  of  such 
water  to  the  milk,  from  the  air  by  dried  typhoid 
excreta,  from  contaminated  cloths  and  clothes,  and 
from  cooling  milk  in  infected  water. 

Diphtheria, — The  first  epidemic  of  diphtheria 
which  was  shown  to  be  milk-borne  was  one  in  North 
London  in  1878,  elucidated  by  Power.  More  than  30 
similarly  caused  outbreaks  of  the  disease  have  since 
been  recorded.  How  the  diphtheria  bacillus  gains 
access  to  milk  is  not  known,  but  in  all  probability  it 
is  generally  by  direct  contact.  Persons  suffering  from 
the  disease  may  remain  for  a  long  period  infectious  by 
reason  of  the  retention  for  weeks  after  convalescence 
of  the  bacillus  in  the  throat.  Materials  may  also 
retain  the  infection  for  long  periods.  Water  and 
sewage  do  not  appear  to  convey  the  diphtheria 
bacillus.  Klein  holds  that  the  Klebs-Loffler  bacillus 
is  inoculable  in  cows,  producing  a  specific  eruption  on 
the  udder,  and  within  five  days  the  bacillus  is  excreted 
in  the  cow's  milk.  Several  outbreaks  of  diphtheria 
have  suggested  that  bovine  diphtheria  is  transmissible 
to  man  by  milk. 

Scarlet' Fever. — More  than  70  milk-borne  attacks 
of  scarlet  fever  are  on  record,  and  yet  comparatively 
little  is  known  either  of  the  bacteriology  of  the 
disease  or  of  the  mode  of  infection  of  milk.  Direct 
contact  of  scarlet  fever  patients  with  the  milk  trade 
is  the  most  obvious  channel  of  infection.  In  1882 
Power  found  reason  to  suspect  that  cows  suffered 
from  a  disease  which  could  impart  to  milk  the  virus 
of  scarlet  fever,  and  in  1885  in  the  "  Hendon  disease  " 
outbreak  further  evidence  of  this  was  met  with. 

In  that  year  a  sudden  and  extensive  outbreak  of  scarlet  fever 
occurred  in  Marylebone,  and  was  found  to  be  associated  with  a 
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particular  milk  supply  derived  from  a  farm  at  Hendon.  The 
milk  was  also  distributed  in  St.  Pancras,  Hampstead,  Hendon, 
and  St.  John's  Wood ;  in  each  of  these  districts,  except  the 
last,  scarlet  fever  suddenly  became  prevalent  early  in  Decem- 
ber. On  the  15th  the  milk  sent  to  Marylebone  was  returned 
to  the  farmer,  and  some  of  this  was  given  away  to  persons  at 
Hendon  on  the  Idth  and  16th ;  a  few  days  later,  from  Decem- 
ber'20th  onwards,  a  number  of  cases  of  scarlet  fever  occurred 
among  those  who  had  drunk  the  milk,  and  at  the  same  time 
there  was  a  sudden  decrease  in  the  number  of  attacks  in  Mary- 
lebone. The  disease  was  conveyed  by  the  milk,  and  after 
close  investigation  Power  and  Klein  were  led  to  the  important 
conclusion  that  the  cow  itself  was  the  source  of  infection. 

There    had     been    apparently  no    case    of    scarlet   fever 
among  the  employes  that   could  be  proved  to  have  infected 
the  milk.    Attention  was  next  directed  to  the  cows,  and  many 
of  them  were  found  to  be  suffering,  or  to  have  recently  suf- 
fered, from  vesicles  or  ulcers  upon  the  teats  and  udder.    These 
were  clearly  infectious,  and  had  been  first  seen  upon  a  cow 
that  was  bought  on  November  15th.     The  dates  of  outbreak 
of  scarlet  fever  in  each  district  being  known,  it  was  found  that 
each  outbreak  was  preceded  by  a  few  days  by  the  introduction 
of  this  affection  into  the  cowsheds  from  which  the  milk  supply 
of  the  district  was  drawn.     The  early  exemption  of  St.  Jolm*s 
Wood  was  explained  by  the  fact  that  the  disease  had  not 
appeared  in  the  small  shed  from  which  alone  its  supply  was 
drawn ;  but  during  the  inquiry  this  shed  became  affected  at 
last,  and  an  outbreak  in  St.  John's  Wood  immediately  fol- 
lowed. All  the  cows  showing  any  signs  of  the  disease  were  then 
isolated,  and  no  further  cases  of  scarlet  fever  occurred  among 
the  consumers  of  the  milk.    The  symptoms  noticed  in  the  cow 
were  chiefly  local,  but  there  were  bald  patches  of  skin,  espe- 
cially about  the  tail  and  back,  the  epidermis  in  these  patches 
being  scaly  and  the  cutis  thickened.     There  was  no  pyrexia. 
The  vesicles,  which  were  small,  were  confined  to   the  teats 
and   udder.      They  extended,  and  in   two  days  formed  flat 
irregular  ulcers  covered  with  brown  scabs.     Inoculated  upon 
calves,  the  matter  from  these  ulcers  caused  local  tenderness  and 
swelling  in  three  days,  a  scabbed  ulcer  with  vesicular  margin 
in  six  days,  and  a  further  extension  during  the  next  few  days, 
followed  by  healing.      By    cultivation   a  streptococcus  was 
obtained,  supposed  to  be  identical  with  a  similar  organism 
found  by  Klein  in  connection  with  scarlet  fever,  and  having 
Uie  property  of  solidifying  milk  if  kept  for  two  days  at  35®  C. 
was  not  round  in  the  milk  from  unaffected  teats.     Inocula- 
)l  calvw  ivith  pure  cultivations  of  the  streptococcus  pro- 
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daced  a  cdnstiiutional  disease  that  had  some  points  of  analogy 
with  scarlet  fever,  the  condition  of  the  kidneys  especially 
differing  but  little  from  acute  scarlatinal  nephritis. 

Sore-throat  iMnesaes, — Somewhat  allied  to  scarlet 
fever,  and  possibly  in  some  instances  an  aberrant 
form  of  that  disease,  is  sore-throat  infection  con- 
veyed by  milk.  There  are  fully  a  score  of  well- 
marked  epidemics  of  this  nature  on  record.  One  of 
the  first  to  be  investigated  occurred  in  South  Ken- 
sington in  1875.  About  150  persons  were  affected 
after  consuming  cream.  A  similar  outbreak  occurred 
in  Edinburgh  in  1888.  More  recent  outbreaks  of 
milk-borne  sore-throat  occurred  at  Bedford  in  1902, 
Woking  1903,  Finchley  1904,  and  Colchester  1905. 
Cream  was  again  the  particular  medium  at  Bedford, 
where  the  incidence  was  chiefly  upon  young  adults.  At 
Woking  98  families  were  affected,  and  the  milk  was 
traced  to  cows  suffering  from  suppurative  mammitis. 
The  Finchley  outbreak  involved  500  cases.  The  in- 
cubation period,  as  in  many  of  these  sore-throat  con- 
ditions, was  short — 24  to  48  hours.  There  was 
enlargement  of  the  submaxillary  glands,  sore- throat, 
fever,  general  malaise,  and  in  a  few  cases  a  measles- 
like eruption  on  the  lower  limbs.  On  some  occasions 
gastro-intestinal  irritation  has  also  been  present.  It 
is  possible  that  these  sore-throat  illnesses  are  of 
streptococcal  origin. 

In  many  milk-borne  outbreaks  of  scarlet  fever 
there  occur  a  number  of  sore-throat  cases  simulating, 
but  possibly  not  identical  with,  scarlet  fever,  in  addi- 
tion to  those  which  are  milder  forms  of  scarlet  fever 
itself. 

Epidemic  diarrhoea  is  another  infective  disease 
which  appears  to  be  conveyed  by  milk.  Certain  attacks 
of  the  disease  give  support  to  this  view,  and  there  is 
also  the  autumnal  rise  of  infantile  diarrhoea,  which  is 
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attributed  by  many  observers,  in  part,  to  contaminated 
milk.  It  is  held  that  the  high  atmospheric  tempera- 
ture of  the  third  quarter  of  the  year  exerts  a 
prejudicial  effect  on  milk,  causing  it  to  be  injurious, 
particularly  to  infants  and  .children.  It  is  certain 
that  breast-fed  infants  suffer  much  less  than  artificially 
fed  infants  from  such  disease.  Actual  epidemics  of 
milk-borne  diarrhoea  have  been,  it  appears,  comparar 
tively  few.  In  1894  such  an  outbreak  occurred  in 
Manchester,  affecting  160  persons,  and  due  probably 
to  milk  polluted  with  excreta  ;  and  in  1895  and  1898 
three  outbreaks  occurred  at  St.  Bartholomew's  Hos- 
pital, traced  to  the  consumption  of  milk  or  milk- 
pudding  from  which  Klein  isolated  the  B,  enteritidis 
sporogeneSf  which  he  regards  as  the  vera  causa  of 
epidemic  diarrhoea. 

Characteristics  of  milk-borne  epidemics. — There  are 
certain  general  characteristics  of  outbreaks  of  disease 
transmitted  by  milk  which  it  may  be  well  briefly  to 
state  here.  ' 

1.  The  outbreak  is  usually  sudden  in  onset;  and 
the  cessation  often  almost  equally  so,  if  allowance  is 
made  for  late  cases  in  infected  households,  which  have 
probably  been  infected  from  the  earlier  cases  and  not  by 
the  milk. 

2.  A  large  proportion  of  the  attacks  are  simul- 
taneous or  nearly  so.  The  outbreak  reaches  its 
maximum  too  rapidly  to  admit  of  satisfactory  explana- 
tion by  the  hypothesis  of  infection  from  the  first  cases  ; 
thus,  in  an  outbreak  of  scarlet  fever  at  Wimbledon 
in  1886-7,  the  daily  number  of  attacks  was  as 
follows  : — 

Date       .  Dec.  25     26     27     28     29      30      31    Jan.  1       2       3 
Attacks.        1  11     39     53     76     118     65       86         25     16 

3.  It  will  often  happen  that  two  or  more  persons 
in   the   same   household   are  taken   ill  at  the   same 


Chap.  IV.]  Milk-borne  Disease,  137 

time.  Such  multiple  cases  may  also  occur  apart  from 
milk  or  water  infection,  but  it  is  very  exceptional, 
especially  as  regards  the  first  invasion  of  the 
household. 

4.  The  average  number  of  cases  per  infected  house- 
hold is  usually  greater  than  occurs  under  ordinary 
conditions,  but  this  is  of  course  dependent  upon  the 
number  of  persons  who  consume  the  milk.  An 
av&mge  of  two  attacks  per  household  may  be  con- 
sidered high. 

5.  A  large  proportion  of  the  households  attacked 
have  a  common  milk  supply,  which,  however,  may 
not  be  distributed  by  the  same  retailer. 

6.  Conversely,  if  (a)  the  number  of  households 
supplied  by  the  suspected  dairy  be  ascertained,  and 
also  (b)  the  number  of  such  households  attacked,  it 
will  be  found  that  the  proportion  of  (b)  to  (a)  is 
much  greater  than  the  proportion  which  the  total 
number  of  infected  households  bears  to  the  total, 
number  of  inhabited  houses  in  the  district.  Although 
in  some  cases  50  per  cent,  or  more  of  the  houses 
supplied  with  the  implicated  milk  are  attacked,  in 
other  instances  the  proportion  is  far  lower. 

7.  If  the  households  supplied  by  the  dairy  in 
question  are  classified  according  to  the  quantity  of 
milk  bought  daily,  the  invasions  are  found  to  be 
proportionately  more  numerous  among  households 
taking  a  larger  supply. 

8.  A  similar  calculation,  substituting  individuals 
for  households,  will  give  similar  results.  Classifying 
the  consumers  according  to  the  average  consumption 
per  head  in  the  households  to  which  they  belong,  a 
heavier  incidence  upon  the  larger  consumers  will  be 
manifest.  Hence  the  wealthier  consumers,  upon  the 
average,  suffer  more  than  the  poorer  class  in  milk- 
bome  outbreaks,  and  a  classification  according  to  rental 
will  usually  confirm  this. 
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The  Wimbledon    outbreak,   already  referred   to, 
illustrates  these  relations  {Cooper)  : — 


Incidence  on  Con- 

snmers,  accordiiie 
to  Supply  per  Head. 

CO 

li 

^•^ 

IM  4S 

Pints. 

O  g3 

II 

s  ^ 

i  p« 

S    3 

®  « 

A4 

•05to-l 

u 

•1    to -2 

23 

•2    to  -3 

41 

•3    to  -4 

39 

•4    to -6 

46 

•6    to  -6 

57 

•6    to  -7 

40 

•7   to  -8 

46 

Over  -8 

49 

Incidence 

)  on 

Houses,  according  to 

Supply  per  House. 

s 

li 

p. 

Pints. 

•s.g 

tt 

»4  QD 

0) 

A4 

•25 

40 

•6 

40 

•76 

50 

10 

49 

1-5 

58 

20 

70 

30 

67 

3-6 

74 

Over  3-6 

78 

1 

Incidence  on  Houses, 
according  to  Rental. 


Rateable 

Value  of  Houses 

supplied. 


£10  to  £12 
£13  to  £15 
£16  to  £20 
£21  to  £25 
£26  to  £30 
£31  to  £35 
£36  to  £40 
£41  to  £50 
£51  to  £60 
£61  upwards 


to 

QOnJ 
CBtSJ 

o  S* 

«    Ml 

u  m 


21 
39 
50 
64 
66 
57 
76 
73 
74 
80 


9.  Among  persons  who  drink  little  or  no  milk, 
or  only  take  it  in  tea  or  coffee,  or  always  have  it 
boiled,  attacks  will  be  rare,  except  after  exposure  to 
infection  from  earlier  cases. 

10.  As  a  corollary  to  this,  there  is  often  a  much 
heavier  incidence  among  children  and  women  than 
among  men.  This  would  be  especially  significant  in 
regard  to  enteric  fever,  which  under  ordinary  con- 
ditions chiefly  affects  adults.  On  the  other  hand, 
Littlejohn  has  pointed  out  that  in  milk-borne  scarlet 
fever  an  exceptionally  high  proportion  of  adults  may 
suffer. 

II,   The  type  of  disease  in  milk-borne  e^idaTaka  has 


ICE-CREAIH 


\,  mild,  and  attended  with 


been  noticed  to  be, 
low  mortnlity. 

13.  Tbe  incubation  period  ia  shortened,  and  there 
is  some  reason  to  suppose  that  the  degree  of  infec- 
tiousness by  contact  is  lower  than  when  such  diseases 
are  not  milk-boma 

Jet-cream  or  iRed'CuslardB  whicli  faa,vo  as  their  bueis  milk  ar 
cream  mined  with  other  ingredientB,  may  be  briefly  uonsidered 
here  in  their  relHition  to  infccttan.  A  number  of  ouCbreitka  of 
typhoid  or  diBrrha?al  diseaaa  bave  been  attribuled  to  the 
consumption  of  ice-cresm.  Such  outbreaks  occurred  e.t 
Deptlonl  in  1891,  Liverpool  1897,  City  of  London  and 
Finabury  1B02,  and  Paisley  1904,  The  ice-cream  may 
became  infeuted  owing  to  storage  in  inteotsd  premises, 
■  '  eeu  the  process  of  "  boiling"  acil  that  of  "  freezing,"  or 
g'  to  the  fact  that  tbe  aubstanco  has  been  majle  by  a  peraon 
g  from  recognised  or  unrecognised  disease.  It  is  on  this 
"  '  '  ce  1895,  load  regulutiona  have  been  in  force 
)  controlling  the  manufacture  of  ice-cream. 
B  oE  the  moat  recent  of  such  regulations  are  contained  in 
the  London  County  Council  (Geoeral  Powers)  Act,  lfl02,  under 
which  ice-cream  must  be  mado  and  stored  in  sanitary  premises, 
not  living  rooms,  precautions  must  bo  taken  as  to  protection 
_.  bora  contaminadon,  and  the  name  and  address  of  the  maker 
it  appear  on  tbe  street-barrows.  Similar  powera  are  con. 
d  by  local  Acts  in  Lirerpool,  Glasgow,  etc. 

'  Control  of  mik  Supplies.— The  requirement 
pure  milk  supply,  or  in  other  words  a 
an,  whole  milk,  unsopbisticiited  and  unadulterated, 
L  derived  from  healthy  cows,  guaranteed  free  from 
miosis  by  the  tuberculin  test,  and  living  under 
tt  and  sanitary  conditions ;  (6)  obtained  by  clean 
^lods  of  milking,  strained,  and  protected  from 
mination  and  from  infection ;  (c)  kept  cool  by 
aie  of  refrigeration ;  and  (rf)  not  exposed  to  dust 
jancleanlinesH  in  any  way  from  the  vessel  in  which 
placed,  or  from  the  persons  by  whom.  \\,  Sa 
lied. 
PXotf  feaipcratuves  do  not  readily  destroy  gexm  Wft, 
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but  they  have  a  most  beneficial  effect  upon  the  keep- 
ing quality  of  milk.  If  the  temperature  be  lowered 
sufficiently,  the  contained  bacteria  become  inactive 
and  torpid,  and  eventually  are  unable  to  multiply  1  or 
produce  their  characteristic  fermentations.  At  about 
50**  F.  (lO**  C.)  the  activity  ceases,  and  at  a  tempera- 
ture of  about  40**  F.  organisms  are  practically  deprived 
of  their  injurious  powers.  If  the  milk  is  to  be  con- 
veyed long  distances,  then  even  a  lower  temperature 
is  desirable.  The  most  important  point  with  regard 
to  the  cooling  of  milk  is  that  it  should  take  place 
immediately.  Various  kinds  of  apparatus  are  effective 
in  accomplishing  this.  Perhaps  those  best  known  are 
Lawrence's  cooler  and  Pfeiffer's  cooler,  the  advantage 
of  the  latter  being  that  during  the  process  the  milk  is 
not  exposed  to  the  air.  It  must  not  be  forgotten  that 
cooling  processes  are  not  sterilising  processes,  and  do 
not  necessarily  kill  bacteria ;  they  only  inhibit 
activity,  and  under  favourable  circumstances  torpid 
pathogenic  bacteria  may  again  acquire  their  injurious 
faculties.  Hence,during  the  cooling  of  milk  even  greater 
care  must  be  taken  to  prevent  aerial  contamination 
than  is  necessary  during  the  process  of  sterilising 
milk.  No  cooling  whatever  should  be  attempted  in 
the  cowshed.  Climate  makes  little  or  no  difference 
to  the  practical  desirability  of  cooling  milk,  yet  it  is 
obvious  that  less  cooling  will  be  required  in  the  cold 
season.  The  further  treatment  of  milk  has  in  practice 
comprised  the  addition  oi  preservatives,  filtration,  and 
sterilisation,  but  with  first-rate  clean  milk,  consumed 
or  bottled  immediately  after  yield,  these  are  not 
necessary. 

Preservation   of  milk   may   be    effected    by 

boiling,  by  exclusion  of  air,  or  by  the  addition  of  sugar, 

borax  (1-2,000),  formalin  (1-50,000),  or  other  anti- 

septic.     Such  preservatives  are  frequently  added  to 

mjUk,     especially    in    towns.      They    "pxeveuX)   t^-^V^ 
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multiplication  of  germs,  and  so  delay  or  prevent 
fermentation.  On  the  other  hand,  they  disguise 
the  true  condition  of  the  milk,  Lind  hy  cumulative 
process  may  cause  poisoning  in  the  consumers,  and 
therefore  should  be  condemned.  Cmidenaed  inilk 
is  prepared  by  evaporating  down  in  vacuo  at  a  low- 
temperature  to  about  one-third  or  one-quarter  of  the 
original  volume,  and  moat  roaniifacturera  then  add 
cane  sugar  as  a  preservative.  The  added  sugar  renders  it 
too  carbonaceous  and  "  fattening,"  though  lacking  in 
fet,  but  apart  from  this  the  nutritive  value  of  con- 
densed milk  seems  to  be  inferior  to  that  of  fresh 
milk,  especially  in  regard  to  bone- formation  and 
stAmina.  Oondeuaed  milk  is,  as  a  rule,  fairly  free 
^m  suspicion  of  ordinary  adultei-ation  or  pollution, 
Wb  in  one  instance  it  was  believed  to  be  the  means 
^  spreading  scarlet  fever.  Such  milks  are  by  no 
Bneana  always  sterile. 

Filtration  of  milk  has  also  been  recommended, 
'!iuid  is  practised  in  Denmark,  but  is  little  adopted  in 
this  country. 

Sterilisation  means  the  use  of  heat  at  or  above 
boiling-point,  or  boiling  under  pressure.  This  may 
be  applied  in  one  spell  of  one  to  two  hours  at 
812-250°  F.,  or  at  stated  intervals  at  a  lower  tcra- 
^ratura  The  milk  is  sterilised — that  is  to  say, 
contains  no  liviiig  germs — is  altered  in  chemical 
Domposition,  and  possesses  a  flavour  which  to  many 
|)eople  is  unpalatable. 
^^     Such  a  radical  alteration  ia  not  necessary  in  order 

secure  non-infective  milk.  The  bacteria  causing 
.e  diseasea  conveyafale  by  milk  succumb  at  much 
»wer  temperatures  than  the  boiling-point.  Advantage 
is  taken  of  this  in  the  process  known  as  paste^irisation 
bi  which  milk  is  heated  to  167-185°  F.  (75-85"  C). 
Bnch  a  te/n/reroture  tills  harmSuY  m.\c;io\wa,\«ca.\wR 
TS"  C,  ia  nbore  their  average  tlievmB.\  Aea\j\i-^HHA  MiJ*- 
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yet  the  physical  changes  in  the  milk  are  practically 
nil,  because  85**  C.  does  not  relatively  approach  the 
boiling-point.  There  is  no  fixed  standard  for  pas- 
teurisation, except  that  it  must  be  above  the  thermal 
death-point,  and  below  the  boiling-point.  As  a  matter 
of  fact,  158*  F.  (70°  0.)  will  kill  lactic  acid  bacteria 
and  most  disease-producing  organisms  found  in  milk. 
If  milk  is  kept  at  that  temperature  for  ten  or  fifteen 
minutes  it  has  been  "pasteurised."  If  it  has  been 
boiled,  with  or  without  pressure,  for  half  an  hour,  it 
has  been  "  sterilised."  The  only  practical  difierence 
in  the  result  is  that  sterilised  milks  have  a  better 
keeping  quality  than  pasteurised,  for  the  simple 
reason  that  in  the  latter  some  living  germs  have  been 
unaffected. 

Sterilisation  may,  of  course,  be  carried  out  in  a 
variety  of  modifications  of  the  two  chief  ways  above 
named.  When  the  process  is  to  be  completed  in  one 
event  an  autoclave  is  used,  in  order  to  obtain  increased 
pressure  and  a  higher  temperature.  Milk  so  treated 
is  physically  changed  in  greater  degree  than  in  the 
slower  process.  The  slow  or  intermittent  method  is, 
of  course,  based  on  TyndalFs  discovery,  that  actively 
growing  bacteria  are  more  easily  killed  than  their 
spores.  The  first  sterilisation  kills  the  bacteria,  but 
leaves  their  spores.  By  the  time  of  the  second  applica- 
tion the  spores  have  developed  into  bacteria,  which  in 
turn  are  killed  before  they  can  sporulate. 

The  application  of  pasteurisation  to  milk  is  now 
very  widely  adopted  by  corporations,  dairy  companies, 
hospitals,  milk-dispensaries,  etc. 

Butter* — When  cream  is  violently  agitated,  the 
fat  globules  are  ruptured  and  their  contents  clot 
together  as  butter.  The  water  is  expelled  by 
pressure,  and  salt  is  added.  The  flavour  of  butter  is 
due  to  the  butyrin,  caproin,  and  caprylin,  which 
together  constitute  about  7  '8  per  cent,  of  the  fat,  the 
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rest  being  composed  of  olein,  stearin,  and  palmitin. 
Besides  fat,  whic]i  constitutes  about  85  per  cent., 
butter  contains  water,  casein,  and  salts.  The  casein 
averages  2-5  per  cent.,  but  may  reach  7  per  cent,  if 
the  butter  is  carelessly  made  ;  such  a  butter  keeps 
badly.  The  water  ranges  from  8  to  12  per  cent. 
in  good  butter,  and  should  never  exceed  16  per  cent. 
"  Milk-blended "  butters  have  been  found  to  contain 
nearly  double  this  amount  of  water.  The  ash  should 
not  exceed  8  per  cent. ;  in  pure  fresh  butter  it  is 
usually  about  2  or  3  per  cent,  or  less,  and  includes 
calcium  phosphate  and  sodium  chloride. 

Adulterations  and  Analysis.  —  The  addition  of 
annatto  or  other  harmless  colouring  matter  is  not 
regarded  as  adulteration.  Starch  is  sometimes  added, 
and  may  be  recognised  by  its  blue  reaction  with 
iodine.  The  chief  and  only  important  adulterations 
practised  are  the  substitution  of  foreign  fat  and  the 
'addition  of  water,  and,  therefore,  the  analysis  of  butter 
turns  chiefly  upon  the  proportion  and  composition  of 
the  fat  and  the  proportion  of  water. 

1.  The  fat  should  exceed  80  per  cent,  of  the  whole. 
(If  the  butter  is  melted  in  a  tall  glass,  the  water  and 
curd  will  collect  at  the  bottom,  leaving  the  pure  fat 
above.) 

2.  The  specific  gravity  of  pure  butter  fat  should 
range  from  911  to  913.  Margarine  examined  under 
similar  conditions  would  range  from  901  to  906. 

3.  The  melting-point  of  the  fat  should  be  about 
35*8°  C,  but  it  is  liable  to  variation,  not  only  with 
variation  in  the  relative  proportions  of  normal  con- 
stituent fats,  but  also  with  repeated  meltings. 
Adulteration  with  dripping,  lard,  or  other  animal  fat 
raises  the  melting-point,  while  vegetable  fats  lower  it. 

4.  The  soluble  fatty  acids  (butyric,  caproic, 
caprylic)  should  not  be  less  than  5  per  cent,  of  the 
fat,  and  the  insoluble  fatty  acids  should  not  exceed 
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89*5  per  cent  Butter  fat  differs  from  all  others  in 
containing  fatty  acids  that  are  soluble  in  water,  and 
their  partial  or  complete  absence  denotes  substitution 
of  foreign  fat. 

5.  Pure  butter  fat  is  readily  soluble  in  ether, 
whereas  other  fats  dissolve  slowly  and  leave  a  residue. 

6.  Fat  crystals  may  be  visible  under  the  micro- 
scope, and  serve  to  show  that  the  butter  has  been 
melted,  presumably  for  the  purpose  of  adulteration. 

7.  Water  is  estimated  by  heating  a  weighed 
quantity  of  butter  over  a  water-bath  until  it  ceases  to 
lose  weight. 

The  Regulations  for  the  sale  of  butter,  made  in 
1902  by  the  Board  of  Agriculture  under  section  4 
of  the  ISale  of  Food  and  Drugs  Act,  1899,  provide 
that,  "  Where  the  proportion  of  water  in  a  sample  of 
butter  exceeds  16  per  cent,  it  shall  be  presumed  for 
the  purposes  of  the  Sale  of  Food  and  Drugs  Acts, 
1875  to  1899,  until  the  contrary  is  proved,  that  thfe 
butter  is  not  genuine  by  reason  of  the  excessive 
amount  of  water  therein.'' 

Nothing  has  been  made  out  very  clearly  as  to  the 
convection  of  specific  disease  by  means  of  butter.  An 
outbreak  of  diarrhoea  in  a  large  hospital  was  shown  by 
Shirley  Murphy  to  be  in  all  probability  due  to  the 
consumption  of  a  particular  kind  of  butter.  The 
symptoms  resembled  those  of  tyro-toxicon  poisoning, 
to  be  mentioned  presently. 

]IIarg[arine  has  been  the  subject  of  special 
legislation  (the  Margarine  Act,  1887,  and  the  Sale  of 
Food  and  Drugs  Act,  1899),  which  will  be  referred  to 
in  another  section.  The  term  is  applied  generically  to 
fats,  for  the  most  part  of  animal  origin,  prepared 
by  churning  melted  and  clarified  beef  or  mutton  fat 
with  skim  milk,  and  so  treating  it  as  to  resemble 
butter  in  appearance  and  flavour  as  far  as  possible. 
J^or  this  purpose  a  certain    proportioii  oi   ^«tL\sMift 


I 


Cheese. 


[tter  is  frequently  mixed  with  it.       It  may  possess 
itritive  value    little    inferior  to   butter,  i 


manufactured  from  pure  animal  fata.  Chemically 
it  differs  from  butter  in  containing  only  traces  of 
"  Bolnble  "  fatty  acids.  It  consists  mainly  of  olein, 
stearin,  and  paliuitin.  The  absence  of  butyrin,  a 
chief  constituent  of  butter  fat,  is  the  most  valuable 
means  of  dietinguishing  between  butter  and  margaiine. 
Cheese  is  formed  by  the  action  of  rennet  upon 
Ik,  and  consists  of  coagulated  casein  with  a  variable 
^portion  of  fat  and  salts.  The  best,  such  as 
leddar,  Cheshire,  double  Gloucester,  aud  most 
lerican  cheeses,  are  m^de  from  entire  milk,  the 
irer  from  skim  milk,  or  a  mixture  of  skim  and 
milk.  Stilton  cheese  is  made  from  entire 
to  which  cream  has  been  added.  Cheeses 
widely  aa  to  the  amount  of  fat  and  water 
which  they  contain.  A  good  cheese,  if  kept  under 
suitable  conditions  of  temperature,  undergoes  a 
change,  known  as  "ripening,"  which  improves  its 
flavour.  Oxygon  is  absorbed,  ammonia  and  car- 
bonic acid  are  given  ofC  The  casein  undergoes  fatty 
metamorphosis,  and  the  calcium  phosphate  reacts  upon 
the  fats  and  the  casein,  giving  rise  to  lime  salts  of  fatty 
acids,  and  a  soluble  compound  of  casein  with  phos- 
phoric acid.  lactic  acid,  valerianic  acid,  and  leucin 
are  also  fomied.  Both  in  cheese  and  butter-making 
this  ripening  process  is  due  to  bacteria  and  their 
products,  and  it  is  on  account  of  this  fact  that  much 
has  been  done  in  Denmark  and  America  in  the  way 
of  flavouring  butter  and  cheese  by  introducing  favour- 
able organisms  as  "atartei-s"  of  the  desired  ferraent-o- 
tion.  Both  natui'al  and  artificial  ripening  occasionally 
go  wrong,  and  as  a  I'esult  we  get  abnormatities,  such 
as  rancid  butter,  "gassy"  cheese,  coloured  cheese,  o« 
bitter  cheese.  Occasionally  also  poiaoiaoMa  \wftMft, 
mch  an  t/ro-toxicon,  result. 
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Tyro-ioxicon  (diazo-benzene  butyrate)  is  a  poison 
discovered  by  Vaughan  iji  cheese  that  has  undergone 
a  peculiar  fermentation.  Such  cheese  is  not  neces- 
sarily altered  in  appearance  or  taste,  but  has  a  much 
stronger  acid  reaction  than  usuaL  Tyro-toxicon  can 
be  detected  chemically  by  neutralising  with  sodium  • 
carbonate,  exhausting  with  ether,  evaporating  the 
ethereal  solution,  and  dissolving  the  residue  in  water. 
The  aqueous  solution  strikes  an  orange,  red,  or  purple 
colour  when  treated  with  a  mixture  of  equal  parts  of 
carbolic  and  sulphuric  acids.  It  is  unstable,  and  pre- 
sent generally  in  only  very  small  quantities,  which 
are  difficult  of  detection.  It  is  intensely  poisonous, 
causing  dryness  of  the  mouth  and  fauces,  a  sense  of 
constriction  in  the  throat,  nausea,  vomiting,  diarrhcea, 
and  great  nervous  prostration.  The  symptoms  usually 
pass  off  in  a  few  hours,  but  may  end  in  death  from 
collapse.  Butter  and  cream,  as  well  as  cheese,  have 
given  rise  to  tyro-toxicon  poisoning.  In  1883-84 
there  occurred  in  Michigan,  U.S.A.,  an  outbreak  of 
cheese  poisoning,  which  affected  300  persons,  due  to 
tyro-toxicon  (Vaughan),  and  in  1901  seventeen  cases 
of  tyro-toxicon  poisoning  occurred  in  Finsbury.  In 
both  outbreaks  the  incubation  period  was  short  (only  a 
few  hours),  and  the  symptoms  were  as  stated  above. 

Adulterations  of  cheese  are  unimportant.  Starch  is 
said  to  be  added  sometimes.  The  use  of  skimmed  milk 
or  colouring  matter  is  not  regarded  as  adulteration. 
Cotton-seed  oil  or  other  foreign  fat  is  sometimes 
added  in  place  of  the  abstracted  cream  (margarine 
cheese). 

Analysis, — The  proportion  of  fat  to  casein  should 

not  be  less  than  1  to  2  at  the  very  lowest  ;  sometimes 

the  fat  exceeds  the  casein.     The  fat  may  be  extracted 

with  ether,  or  mechanically  by  the  Leffmann-Beam 

process  of  melting  and  centrifuging.     The  fat  should 

Se  examined  by  the  Keichert  method.    ^a.\*et  Twa^'i^ 
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from  20  to  35  per  cent.,  fat  from  35  per  cent,  down  to 
22  per  oenL  in  good  cheeae,  and  to  1  per  cent,  in 
skimmed  milk  cheese.  Casein  varies  between  25  and 
50  per  cent.,  and  salts  between  3  and  6  per  cent. 

liWrd,  which  is  the  internal  fat  of  the  abdomen 
of  the  pig;  should  be  absolutely  free  from  water  and 
from  foreign  fat.  The  addition  of  water,  which  is 
not  now  widely  practLsed,  is  detected  by  melciDg  the 
lard  in  a  tall  glass  and  allowing  time  for  the  water  to 
collect  at  the  bottom.  Cotton-seed  oil  is  the  other 
important  adulterant.  It  is  detected  by  its  low 
melting-point,  high  power  of  absorbing  iodine,  and 
reduction  of  nitrate  of  silver. 

Egg^ — ^The  average  weight  of  a  hen's  egg  is  about 
2  02.,  of  which  10  percent,  is  shell,  60  j)er  cent, 
white,  and  30  per  cent.  yolk.  The  white  consists  of 
albumen,  with  ^^  }ier  cent,  water,  and  the  yolk  of 
albumen  and  fat  with  52  per  cent  water.  The 
percentage  composition  may  also  be  stated  thus  : — Shell 
10  per  cent,  albumen  and  fat  23  per  cent,  water  G7 
per  cent 

Preservalion. — Air  may  be  excluded  by  coating  the 
shell  ^"ith  butter,  laitl,  oil,  wax,  gum,  etc.,  or  by  boiling 
for  half  a  minute  so  as  to  coagulate  the  surface  albu- 
men. Antiseptics  are  also  employed,  e.g.  the  eggs 
are  immersed  in  lime  water,  salt  water,  or  solution  of 
boro-glyoeride. 

Tests  are  only  necessary  for  the  detection  of  stale 
or  rotten  ^gs.  Two  ounces  of  salt  in  a  pint  of  water 
forms  a  solution  in  which  good  eggs  sink  and  stale  ones 
float  Fresh  eggs  are  transparent  at  the  centre,  stale 
eggs  at  the  top. 

Vegetable    Foods. 

li¥heat-floar  is  rich  in  albumen  and  carbo- 
hydrates, poor  in  fat  and  salts  of  organic  acids.  It 
contains    8    to    12  per   cent,     oi    g\\x\.eu^  «ltA   ^issjL 
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therefore  be  made  into  bread.     The  salts  are  chieflj 
phosphates  of  potash  and  magnesia. 

Examination  of  Flour. — Flour  should  be  free  from  acidity 
or  mouldy  smell.  The  colour  should  be  white,  a  yellow  colour 
indicates  age,  fermentation,^  or  conversion  of  starch  into 
dextrin  and  sugar. 

The  microscope  may  reveal  any  of  the  following  : — 

( 1)  Foreign  starches^  especially  potato  and  rice,  the  characters 
of  which  will  be  described  presently.  (2)  Fungi^  the  most 
common  of  which  are  sporangia  of  Puccinia.  One  species  of 
Fueeinia  produces  **  caries  "  or  "  smut "  of  wheat ;  smut  gives 
the  flour  a  disagreeable  smell,  and  the  bread  a  blue  colour.  It 
is  said  to  cause  diarrhoea.  (3)  Vihrionea  and  other  organisms 
in  fermenting  flour.  (4)  Aearua  farititBj  common  in  damp, 
inferior  flour  which  is  beg^ning  to  change.  Weevils  {Calandra 
granaria)  can  also  be  seen  with  the  naked  eye. 

Adulterations  and  impurities. — The  chief  are  the  addition  of 
foreign  starches  and  mineral  matters. 

Analysis. —  Water  should  not  exceed  16  per  cent.  The 
more  the  water  the  greater  the  liability  to  change.  Gluten 
should  not  be  less  than  8  per  cent.,  and  may  reach  12  per  cent. 
It  is  separated  by  making  the  flour  into  a  paste  and  working  it 
with  the  fingers  in  a  stream  of  water  until  all  the  starch  is 
washed  away.  Ash  should  not  be  less  than  0*8  per  cent.,  or 
more  than  2  per  cent.  If  excessive,  it  should  be  tested  for 
iron  (indicating  addition  of  clay),  calcium  sulphate,  and 
magnesium  carbonate.  A  simple  test  is  to  shake  the  flour 
with  chloroform  ;  the  flour  floats,  but  mineral  matters  sink. 
Alum  is  sometimes  added  during  grinding. 

Ergotised  flour  is  detected  by  making  it  into  a  paste  with 
dilute  alkali,  adding  slight  excess  of  dilute  nitric  acid,  and 
then  neutralising ;  ergot  gives  a  reddish  violet  colour,  changing 
to  red  in  presence  of  nitric  acid,  and  to  violet  in  presence  of 
alkali.     Potash  gives  a  herring-like  smell  with  ergotised  flour. 

Foreign  starches  will  be  recognised  under  the  microscope, 
but  a  few  other  tests  are  available.  Bean  meal  gives  oR  a 
characteristic  smell  when  drenched  with  hot  water,  and  may 
also  be  detected  by  the  successive  addition  of  nitric  acid  and 
ammonia,  which  strikes  a  deep  red  colour.  Potato  starch 
grains  swell  up  on  the  addition  of  a  trace  of  potash  in  solution, 
which  scarcely  affects  wheat  starch  grains.  Pure  wheat  flour, 
made  into  a  dilute  solution  in  water,  is  turned  pink  on  addition 
ol  iodine;  but  if  any  potato  starch  is  present,  a  dark  purple 
colour  will  appear. 
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The  floor  Bhoald  also  be  put  to  the  practical  test  of  bread- 
making. 

Bread  is  made  by  mixing  flour  with  water,  and 
kneading  it,  so  as  to  form  dough  by  the  cohesion  of 
the  moistened  gluten.  The  dough  is  charged  with 
carbonic  acid,  which  occupies  innumerable  lacunae 
and  renders  the  mass  porous.  It  is  then  baked  and 
becomes  bread.  The  carbonic  acid  is  supplied  by  the  use 
of  yeast  ("leaven")  or  baking-powders  (drv  alkaline 
carbonates  mixed  with  tartaric  or  other  acid),  or  by 
kneading  the  dough  with  water  charged  with  carbonic 
acid  gas  under  pressure  ("aerated"  bread),  100  lbs. 
of  flour  make  about  130  to  150  lbs.  of  bread. 

During  baking  a  certain  proportion  of  dextrin 
and  sugar  is  formed  from  starch,  and  there  are  traces  of 
lactic  and  butync  acid.  Alum  checks  these  changes, 
which  are  especially  prone  to  occur  if  bad  flour  is 
used.  Mechanically  aerated  bread  is  the  whitest  and 
most  free  from  dextrin  and  sugar.  About  1  per  cent. 
of  boiled  potato  is  frequently  added  to  the  dough. 

Bxamination. — Bread  should  be  white.  A  yellow  or  dark 
tint  may  be  due  to  old  or  inferior  flour,  bad  yeast,  admixture 
of  rye,  or  merely  to  presence  of  bran.  Acidity  may  be  caused 
by  old  or  inferior  flour.  Broad  is  heavy  and  sodden  if  from 
any  cause  the  dough  has  not  risen  sufficiently ;  such  causes  are 
bad  yeast,  bad  flour,  too  much  or  too  little  heat,  or  defects  in 
manipulation. 

Water  should  not  exceed  45  per  cent.  An  excess  lowers 
the  nutritive  value,  and  favours  the  growth  of  fungi.  The  ash 
ranges  from  1  "3  to  2*0  per  cent.  Alum  is  detected  by  pouring 
upon  a  slice  of  bread,  moistened  by  water,  a  freshly  made 
decoction  of  logwood  chips,  and  then  a  solution  of  ammonium 
carbonate.  If  alum  is  present  it  acts  as  a  mordant,  and  after 
the  lapse  of  half-an-hour,  or  less,  a  strong  blue  colour  is  mani- 
fest, which  is  quite  distinctive  for  practical  purposes,  so  far 
as  bread  analysis  is  concerned,  although  magnesium  car- 
bonate would,  if  present,  give  the  same  reaction.  Pure  brejid 
is  merely  stained  pink  by  the  reagents,  and  on  drying  this 
changes  to  a  dirty  brown.  The  blue  given  by  alumina  salts  is 
permanent  on  drying — much  more  so  than  in  th.Q  ma^ivQ%\v3.\SL 
carbonate  reaction. 
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For  legal  purposes  it  is  necessary  to  determine  tlie  alumina 
quantitatively,  and  then  a  deduction  must  be  made  for  the 
maximum  amount  of  phosphate  of  alumina  which  may  be 
present  in  pure  bread.  It  is  usual  to  deduct  16  grains  (of 
alum^  per  4-lb.  loaf,  anything  in  excess  of  this  being  regarded 
as  aaulteration.  In  exceptional  cases  pure  flours  may  con- 
tain more  than  this,  and  many  analysts  now  allow  8  or  10 
grains  per  4  lbs.  Alum  used  for  purposes  of  adulteration 
usually  amounts  to  from  20  to  40  grains  per  4-lb.  loaf. 

Foreign  starches,  especially  rice  and  potato  starch,  may 
sometimes  be  detected  imder  the  microscope  even  after  baking, 
but  as  a  rule  they  are  beyond  recognition  in  bread.  Potato 
makes  the  bread  damp ;  the  percentage  of  water  is  high,  and 
the  ash  is  alkaline  instead  of  being  neutral.  Kice  has  in  itself 
a  low  ash  (0*86)  per  cent.  Excessive  moisture  and  low  ash 
should  raise  suspicion  of  foreign  flour.  High  ash,  on  the  other 
hand,  is  suggestive  of  mineral  adulteration. 

The  seeds  of  Lolium  temulentum  (darnel  grass)  may 
occasionally  be  ground  with  wheat  flour,  and  cause  vertigo, 
vomiting,  convulsions,  and  other  symptoms  of  poisoning. 
Various  fermentations  also  occur  in  bread,  producing  chromo- 
genic  changes,  bitter,  slimy,  or  mouldy  bread. 

Barley  is  in  the  main  similar  to  wheat  in  chemical 
composition,  but  contains  more  nitrogen,  iron,  and  phosphates. 
It  is  liable  to  cause  diarrhoea.  Actinomycosis  is  now  regarded 
as  xiue  to  eating  raw  barley  or  other  cereals,  upon  which  the 
actinomyces  is  epiphytic.  OatS  contain  more  fat  and  more 
nitrogen  than  wheat,  and  are  more  readily  cooked,  but  gluten 
is  wanting,  and  hence  bread  cannot  be  made  of  oatmeal. 

Rye  contains  less  gluten  than  wheat,  and  makes  a  dark 
sour  bread,  which  is  apt  to  cause  diarrhooa  in  thoFC  unaccus- 
tomed to  its  use.  Ergotism  results  from  the  use  of  rye  attacked 
by  Clavieeps  purpurea,  Jflaize  (Indian  meal)  contains  much 
fat,  and  its  albumen  to  be  made  digestible  requires  careful 
cooking.  Pellagra  has  been  attributed  to  a  fungus  (verdet) 
attacking  maize.  Bice  is  poor  in  nitrogen,  fat,  and  salts, 
but  is  very  digestible. 

Lieg^minosSB  contain  much  nitrogen,  chiefly  in  the 
form  of  legumin.  Peas  and  beans  are  loss  digestible  than 
cereals,  and  require  prolonged  gentle  boiling. 

IVatercress  grown  or  washed  in  polluted  water  was 

found  to  be  responsible  for  an  outbreak  of  enteric  fever  in 

Hackney  in  1903,  which  shows  that  inspection  of  watercress 

beds  is  necessary.     Intestinal  parasites  may  also  be  derived 

.£roin  the  same  source. 
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Potatoes  are  antiscorbutic  and  very  digestible. 
Good  potatoes  sink  in  a  saline  solution  of  specific 
gravity  1,100;  bad  ones  Boat. 

Starch  is  not  a  simple  chemical  substance,  but  a 
mixture  of  three  bodies — granvlose^  erythro-granulose, 
and  celhUose,  which  are  respectively  turned  blue,  red, 
and  yellow  by  iodine.  Granulose  is  the  most  important 
of  these.  Boiled  in  water,  or  with  oxalic  or  other 
organic  acid,  it  is  converted  into  "  soluble  starch  "  or 
CMniduli/n,  a  soluble  dextro-rotatory  substance  che- 
mically indistinguishable  from  granulose,  and  giving 
the  blue  iodine  reaction.  If  instead  of  organic  acid  a 
2  per  cent,  solution  of  sulphuric  acid  is  boiled  with  the 
granulose  or  starch,  the  soluble  starch  first  formed  is 
converted  into  dextrin  or  erythro-dextHn^  a  sort  of 
gum,  which  is  dextro-rotatory,  and  is  reddened  by 
iodine ;  it  is  precipitated  by  alcohol  and  acetic  acid, 
but  not  by  tannic  acid.  Still  further  heating  with 
sulphuric  acid  produces  achroodextrin,  which  gives  no 
colour  reaction  with  iodine,  and  glucose, 

Erythro-granulose  is  present  in  small  proportion  in 
wheat  starch,  and  almost  absent  in  potato.  Its  affinity 
for  iodine  is  greater  than  that  of  granulose,  but  the  red 
tint  is  completely  hidden  by  the  deep  blue  of  the  iodine- 
granulose.  If  a  minimal  proportion  of  iodine  is  em- 
ployed, the  red  colour  appears.  Both  the  red  and 
blue  disappear  on  heating,  owing  to  dissociation  of 
iodine  and  starch,  but  reappear  on  cooling. 

Starch  occurs  in  the  various  farinacea  in  micro- 
scopic granules,  which  in  many  cases  have  a  sufficiently 
characteristic  appearance  to  indicate  their  origin.  The 
granules  vary  greatly  in  size.  Some  are  roundish, 
others  oval,  pyriform,  truncated,  polyhedral;  some 
have  distinctive  markings,  especially  faint  concentric 
rings  or  a  hilum. 

Mieroteopic  examination  of  atarchei. — A.  little  of  t"tift  «U.xOcv^ 
ID  a  Btate  of  Ene  powder,  should  be  mixed "witYi  a.  ^0^  Ql^^\«t^ 
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During  germination,  the  insoluble  starch  is  converted 
into  dextrine,  maltose  and  glucose,  the  process  being 
completed  by  "  mashing  "  with  water  at  160"  F.  The 
wort  is  then  boiled,  hops  are  added,  and  after  cooling, 
the  liquid  is  discharged  with  yeast  into  the  fermenting 
tun.  Non-malt  beers  are  made  by  fermenting  glucose 
and  allied  substances  obtained  by  the  action  of 
sulphuric  acid  upon  starch.  Wines  are  produced  by 
fermentation  of  the  juice  of  the  grape,  complete  fer- 
mentation resulting  in  a  dry  wine,  incomplete  in  an 
effervescing  or  sparkling  wine.  Spirits  are  prepared 
by  the  distillation  of  some  previously  fermented 
liquor ;  brandy  from  wine,  whisky  from  malted  barley, 
rum  from  molasses.  But  there  are  many  varieties  in 
distillery  methods,  and  much  **  brandy  ''  is  made  from 
potato  spirit. 

From  the  point  of  view  of  the  medical  officer  of 
health  alcoholic  beverages  assume  importance  in  three 
ways :  (1)  disease  caused  by  excessive  consumption ; 
(2)  adulteration,  and  (3)  fraudulent  imitations  sold 
to  the  prejudice  or  injury  of  the  purchaser. 

The  diseases  commonly  attributed  to  excessive 
consumption  of  alcohol  are  chiefly  alimentary  or 
nervous,  producing  cirrhosis  of  the  liver  and  various 
forms  of  gastric  disease,  or  alcoholic  neuritis,  delirium 
tremens,  etc.  There  is,  of  course,  in  addition,  a  large 
amount  of  disease,  directly  or  indirectly,  due  to  alco- 
holism, which  does  not  appear  in  death  certification. 

Arsenic  in  Beer, — Of  adulterants  introduced  ac- 
cidentally or  otherwise  into  alcoholic  beverages,  arsenic 
in  beer  is  perhaps  the  best  example.  In  1900  there 
was  wide  prevalence  of  illness  in  South  Lancashire 
and  elsewhere,  which  was,  after  a  time,  identified  by 
Reynolds  as  a  form  of  arsenical  poisoning,  and  traced 
to  the  consumption  of  beer  from  certain  breweries  in 
which  highly  arsenical  brewing  sugars  had  been  used. 
These    were  found  to   be   derived  ixoto.  «u  eoT£v?ccLvwi 
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sapply,  in  the  mannfacture  of  which,  from  starch, 
ftraenical  solphnric  acid  had  been  used.  The  arsenic 
(A82O3)  found  in  the  sulphuric  acid  was  1*9  per  cent., 
in  the  artificial  sugars  0008  to  0131  per  cent.  (0*56 
to  9*17  grs.  per  Ih.),  in  beer  often  \  to  \  grain  per 
gallon,  and  in  one  sample  3  grains  per  gallon.  This 
danger  vanishes  if  care  is  taken  to  use  acid  free  from 
arsenic,  but  a  more  persistent  source  of  arsenic  in  beer 
was  found  in  the  malt  itself.  The  usual  process  of 
drying  the  malt  in  kilns  i;v'ith  exposure  to  fumes  of 
gas-coke  or  anthracite  entails  risk  of  contamination  by 
arsenic,  in  such  proportions  as  ^\jth  of  a  grain  per  lb. 
The  most  effective  remedy  here  would  seem  to  be 
drying  out  of  contact  with  the  fumes ;  but  much  can 
be  done  by  selection  of  non-arsenical  fuel,  by  careful 
construction  and  cleanliness  of  the  kiln,  so  as  to  avoid 
arsenical  deposits  on  ledges  falling  into  the  malt,  and 
lastly,  by  "  brushing "  the  malt,  whereby  the  tibrils 
(which  readily  become  charged  with  arsenic)  and 
surface  dust  are  removed.  At  Halifax,  in  1902,  the 
use  of  arsenical  malt  caused  a  local  outbreak  of 
poisoning  among  beer-drinkers. 

It  was  estimated  that  in  the  outbreak  of  1900  at 
least  3,000  persons  were  attacked  in  Manchester  and 
Salford  alone,  and  6,000  in  all.  Many  attacks  were 
fiitaL  For  some  time  the  nature  of  the  epidemic  wa.s 
obscured  by  the  unusual  character  of  .some  of  the 
prominent  symptoms,  more  esfjecially  the  ]ieripheral 
neuritis  and  pigmentary  changes.  In  the  main,  the 
attacks  and  their  severity  lx»re  relation  to  the  con- 
sumption of  beer,  but  some  of  those  attacked  hari 
apparently  consumed  but  little,  while  .some  heavy 
drinkers  escaped  liirhtjy.  Siinilar  variations  in 
toleration  and  susceptibility  are  met  with  in  tlie 
therapeutic  use  of  arsenic.  A  hi;:h  dejrre';  of  in^ 
oeptibility  is  recorded  in  the  cai^.  ot  Uv<-.  St^ 
peasants,  who  take  lurgi;  dories  wiUiOMt  Wji^fOX 
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.effect,  and  it  may  be  assumed  in  the  case  of  some 
arsenic  workers.  It  is  important  to  note,  as  an  aid  to 
diagnosis,  that  arsenic  can  be  found  not  only  in  the 
urine,  but  in  the  hair. 

The  Reports  of  the  Royal  Commission  on  Arsenical 
Poisoning,  dealing  primarily  with  the  outbreak  of 
1900,  call  attention  also  to  some  risk  of  presence  of 
arsenic  in  glycerine,  phosphates,  boric  acid,  colouring 
matters,  and  other  food  ingredients.  The  Commission 
recommended  a  penal  limit  of  y^^j  grain  of  arsenic  per 
pound,  or  per  gallon,  in  any  food  substance. 

In  the  Marsh-Berzelius  test,  the  suspected  material  is  first 
treated  with  h5'drochloric  acid  in  a  suitable  vessel.  It  is  then 
placed  in  the  Marsh-Berzelius  apparatus,  which  consists  of  a 
flask  for  the  generation  of  hydrogen  from  which  passes  a 
dryinof  tube  and  a  glass  tube  drawn  out  in  the  middle  and  at 
the  end.  In  this  apparatus  hydrogen  is  obtained  from  pure 
zinc  and  pure  sulphuiic  acid,  and  the  substance  under  examina- 
tion is  placed  in  the  flask.  Hydrogen  and  arseniuretted 
hydrogen  escape  through  the  drying  tube,  containing  calcium 
chloride,  and  thence  pass  into  the  fine  glass  tube,  which  is 
heated  over  a  Bunsen  burner.  The  arseniuretted  hydrogen 
is  decomposed,  and  the  arsenic  is  deposited  on  the  wall  of  the 
narrow  part  of  the  tube,  and  so  forms  a  "  mirror."  Finally, 
this  mirror  is  compared  with  standard  mirrors  prepared  from 
known  quantities  of  arsenic  {e.g.  ^1^,  ^^g,  J^,  and  -^^  of  a 
grain  per  gallon).     The  Reinsch  test  is  less  reliable. 

A  relation  has  been  suggested  between  arsenical 
poisoning  and  bein-beri,  a  tropical  disease  characterised 
by  peripheral  neuritis.  Although  the  etiology  of  beri- 
beri is  not  at  present  understood,  the  facts  and  data 
hitherto  collected  do  not  lend  support  to  this  view. 

The  question  of  adulteration  of  alcoholic  beverages 
is  too  large  for  consideration  here,  but,  as  an  illustra- 
tion, mention  may  be  made  of  recent  work  in  connec- 
tion with  brandy.  In  1876,  owing  to  an  outbreak 
of  phylloxera,  a  parasite  affecting  and  destroying 
vines,  the  usual  output  of  genvutve  biawdy  from  the 
Cognac  district  was  curtailed,  aivd  ax\A.^e\vj\  -^t^^t^^t 
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tions  were  substituted  for  tlie  genuine  nrticle,  In 
Hillyerv.  Isliiifflon  Borough  Cotincit  (1904),  ftsampte 
of  "  fine  old  piale  brandy "  proved,  on  analysis,  to 
contain  at  least  60  per  cent,  of  a  spirit  not  derived 
from  the  juice  of  the  grape.  In  the  absence  of  any 
official  or  legal  standard  brandy  may  be  defined  as  an 
alcoholic  liquor  the  spirit  of  which  ia  obtained  by 
distillation  from  the  juice  of  the  grape,  and  which 
should  contain  not  less  than  80  parta  by  weight  of 
eaters  (calcnlated  as  ethyl  acetate)  per  100,000  parts 
by  volume  of  absolute  alcohol.  In  the  above  sample 
there  were  approsiraately  40  parts  of  eaters,  tlie 
volume  being  made  up  with  plain  spirit.  The  court 
held  that  this  was  not  genuine  brandy,  and  convicted. 

Snminary  rs  to  relRtion  ol'  Food  nnd 
Heallh.—From  what  has  been  said  it  will  be  seen 
that  there  are  many  ways  in  which  health  tnay 
affeoted  by  articles  of  food. 

1.  Certain  essential  constituents  of  diet  may  be 

Poisonons  substances  may  be  derived  from  the 
;  in  which  the  food  has  been  kept.  Thus  tinned 
provisions  (fruit,  fish,  or  meat)  may  become  poisonous, 
and  cider  kept  in  lead-glazed  vessels  may  cause  lead- 
poisoning. 

3.  Injurious  substances  may  he  added  or  sub- 
stituted accidentally,  or  by  way  of  adulteration,  or  by 
impro[>er  pi-ooesses  of  manufacture,  or  by  the  drug- 
ging of  animals  before  death. 

4.  Certain  kinds  of  food  are  liable  to  be  occa- 
sionally poisonous  even  in  the  fresh  state  (musael- 
poisoning),  or  when  grown  under  unfavourable  con- 
ditions (oysters,  watercress,  eta). 

5.  Putrefactive  changes  may  have  commenced. 

6.  Poisonous  substances  may  be  developed,  either 
as  a  result  of  jjarasitic  growth  (fetmeat^Aicitv^  ot 
trow,  at  present,  nntiiown  causes  (tyro-tox.\coti^. 
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7.  The  flesh  or  milk  of  an  animal  Buffering  from 
certain  Kpecifii;  or  parasitic  diseases  may  impart  the 
disease  (e.j.J^uberculosis,  trichinosis,  hydatids).  Acti- 
nomycosis affords  an  instance  of  somewhat  parallel 
danger  from  vegetable,  aa  well  as  from  animal,  food. 

8.  Food,  and  especially  milk,  may  become  infected 
by  virus  of  human  origin  (diphtheria,  enteric  fever, 
scarlet  fever). 

It  should  not  be  for^rotten  that  disease  in  the 
individual,  or  more  rarely  idioayncraay  apart  from 
disease,  may  render  certain  kinds  of  food  injurious 
which  to  ordinary  persons  are  wholesome.  Lastly, 
there  are  certain  accessories  of  diet  which  may  be 
injurious  if  used  injudiciously  (alcohol,  tea). 

In  the  systematic  investigation  of  suspected  cases 
of  poisoning  by  food,  help  may  ha  oVttained  by  the 
use  of  a  tabular  form,  a  separate  line  being  devoted 
to  each  item  of  food  consumed  in  the  household,  with 
separate  columns  for  each  day  and  for  each  inmate, 
whether  ill  or  TWt. 
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The  list  should  be  as  complete  and  detailed  as  it 

can  he  made  by  the  most  careful  inquiries.      When 

the  tsbJe  is  filled  up,  it  will  be  seen  at  once  what 

articlea  of  diet  (if  any)  were  consuTaeA.'o-^  a.\l  Uie.  ai.<A 

«orf  hy  none  of  those  who  escaped  a,t\a,cV, 
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CHAPTER  V. 

SOIL. 

Thb  chemical  and  physical  constitution  of  the  soil  and 
the  configuration  of  its  surface  have  an  important 
bearing  upon  many  hygienic  questions,  particularly 
in  relation  to  water-supply,  burial-grounds,  sewage 
land  treatment,  sites  for  buildings,  and  the  prevalence 
of  certain  diseases. 

Temperature. — The  daily  variation  of  tempera- 
ture ceases  to  be  perceptible  at  about  three  or  four  feet 
from  the  surface.    The  annual  variation  is  unimportant 
below  six  or  eight  feet,  very  small  below   24  feet, 
and  vanishes  at  40  feet  {Gallon)  or  50  to  100  feet 
{Fa/rkes),     The   maximum   is   later   as  the   distance 
from  the  surface  increases,  and  at  Edinburgh  it  was 
found  that  in  trap-rock  at   a  depth  of   24  feet  the 
maximum  was  in  January  and  the  minimum  in  July. 
The  absorption  of  heat,  assuming  that  the  exposure 
is  equal,  is  determined  mainly  by  the  nature  of  the 
soil  and  the  presence  or  absence  of  vegetation.     The 
absorption  by  sand  being  taken  as  100,  that  of  clay 
is   about   70,    chalk    60,    and  humus    or   mould  50. 
Eadiation  varies   in  like   manner,    but   is   generally 
greater  than  absoi*ption.     Trees  and  shrubs  intercept 
the  sun's  rays,  and  on  the  other  hand  check  evapora- 
tion  from   the   surface   of  the   soil,   the   net    result 
being  to  render  the  gi-ound  cool  and  moist  in  winter, 
and  cool  and  dry  in   summer  when  the   leaves   are 
out.     The  evaporation  from  leaves  is  very  great,  and 
tends  to  moisten  and  cool  the  air,  and  abstract  water 
from  the  soil.     Pettenkofer  calculated  that  an  oak  tree 
with  750,000  leaves  had  in  the  summeT  Tiiow\J!fts»  w\ 
evBporation  equal  to  eight  times  tbe  Taivid^XV,  ^tA  vcw 
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Algeria  the  Eucalyptus  globulus  has  been  found  to 
absorb  and  evaporate  twelve  times  the  rainfall* 
Herbage  lessens  absorption  of  heat  by  the  soil,  and  also 
true  radiation,  but  increases  evaporation  and  convec- 
tion owing  to  the  vast  surface  of  the  blades  of  grass. 
Grass,  therefore,  like  trees,  renders  the  soil  cooler  and 
drier,  and  more  equable  in  temperature. 

Earth  temperatures  are  usually  determined  by  thermome- 
ters mounted  in  paraffin,  protected  by  open  wooden  covers, 
suspended  by  a  chain  at  the  required  depth  in  the  soil  (1  to  4 
feet  or  more),  and  withdrawn  at  daily  or  other  intervals  for 
reading.  An  iron  tube  driven  vertically  into  the  ground  affords 
a  passage  for  the  thermometer.  Systematic  records  are  usually 
kept  of  the  daily  readings  of  two  earth- thermometers  (at  1  foot 
and  4  feet).  At  greater  depths  the  internal  beat  of  the  earth 
produces  an  appreciable  effect,  causing  a  rise  of  about  1°  Fahr. 
for  every  65  feet. 

moisture. — At  a  certain  point  below  the  surface 
in  permeable  soil,  all  the  interstices  are  full  of  water, 
to  the  complete  exclusion  of  air.  This  subsoil  water 
or  ground-water  extends  downwards  to  the  next  im- 
permeable stratum.  In  marshy  ground  the  surface  of 
the  subsoil  water  may  coincide  with  that  of  the 
ground  itself,  and  under  ordinary  conditions  it  may 
be  from  two  or  three  feet  to  a  hundred  feet  or 
more  below  the  ground  level.  The  surface  of  the 
ground-water  is  not  necessarily  horizontal,  or  parallel 
with  that  of  the  ground.  It  flows  (usually  towards 
the  nearest  watercourse  or  the  sea)  with  a  velocity 
that  varies  with  the  permeability  of  the  soil,  the 
steepness  of  the  gradient,  and  the  absence  of  ob- 
struction by  roots  of  trees.!  The  level  is  affected  by 
that  portion  of  the  rainfall  which  percolates  through 
the  soil ;  also  by  the  height  of  water  in  adjoining 
streams  or  seas,  and  other  conditions  modifying  the 

*  As  regards  the  air,  forests  render  both  the  daily  and  annual  tempera- 
tures more  equable,  and  increase  the  humidity  {GalUm). 

t  In  Munich  Pettenkofer  estimated  the  velocity  of  the  ground-water  to 
be  15  feet  per  day. 
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facility  of  outflow — artificial  drainage,  etc.  Sometimes 
the  range  of  rise  and  fall  does  not  exceed  a  few 
inches,  but  it  is  more  usually  several  feet. 

Above  the  level  of  the  ground-water  the  soil, 
though  aerated,  is  still  kept  moist  by  capillary  attrac- 
tion, by  evaporation  from  below,  by  rainfall,  and  by 
the  movements  of  the  ground-water.  The  soil  con- 
stantly loses  moisture  by  evaporation  from  the  surface, 
both  directly  and  through  vegetation. 

The  moisture  of  a  samplo  of  soil  is  estimated  by  weighing 
it  before  (b)  and  after  (a)  drying  it  on  a  water-bath.     Then 

B  —  A 

X  100  =  percentage  weight  of  water  in  sample.     The 

B 

level  of  the  subsoil  water  is  necessarily  that  of  the  water  in 
surface  wells,  and  may  be  gauged  by  lowering  into  the  well 
a  cord  or  rod  bearing  little  cups  at  short  intervals,  or  more 
simply  by  means  of  an  index  connected  by  a  cord  with  a  float. 

When  the  ground-water  rises,  it  forces  air  out 
of  the  soil,  and  at  the  same  time  may  pollute 
•wells  by  bringing  into  them  the  washings  of  im- 
pure soil.  As  the  ground-water  falls  again  it  leaves 
the  soil  moist  and  aerated,  conditions  favourable  for 
fermentative  and  putrefactive  processes  in  organically 
polluted  soil. 

Damp  ground  is  rendered  dry,  and  the  level  of  its 
ground- water  permanently  lowered,  by  subsoil  drainage, 
surface  drainage,  and  opening  the  outflow.  For 
subsoil  drainage  "  agricultural "  pipes,  i.e.  unglazed 
porous  pipes,  are  laid  loosely  end  to  end  at  the  bottom 
of  deep  trenches,  and  covered  in.  The  interval  to  be 
allowed  between  the  parallel  drains  will  depend  upon 
the  openness  of  the  soil.  ' 

Air  ("  ground-air  ")  is  present  in  all  rocks  except 
the  very  hardest,  above  the  ground- water  leveL  It 
fills  all  the  space  unoccupied  by  water  or  solid  particles. 
The  proportion  by  volume  varies  greatly  with  the 
porosity  and  other  conditions  of  the  soil ;  loose  sand 
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may  contain  50  per  cent.,  and  humus  several  times  its 
own  volume  of  air.  Ground-air  contains  moisture, 
organic  matter  of  animal  or  vegetable  origin,  and 
sometimes  NH3,  HgS,  and  CH^.  Carbonic  acid  is  in 
excess,  and  increases  with  the  depth  \  it  also  varies 
greatly  according  to  the  nature  of  the  soil  and  the 
intensity  of  the  local  chemical  changes  that  are 
going  on  in  it.  Oxygen  is  in  relatively  small  pro- 
portion, and  decreases  with  the  depth.  At  13  feet 
Fodor  found  14  per  cent,  of  COg  and  7*5  per  cent, 
of  oxygen.  Many  causes  combine  to  keep  the 
ground-air  in  constant  movement,  among  them 
being  wind,  percolation  of  rain,  variations  in  temper- 
ature and  barometric  pressure,  and  rise  and  fall  of 
ground-water. 

The  percentage  volume  of  air  in  a  sample  of  rock  of  specific 
gravity  g  may  be  determined  by  finding  its  weight  when  dry 

(a),  and  when  saturated  with  water  (b).    Then  —  —  x  0 

X  100  «  percentage  of  air.  For  loose  soils  Pettenkofer  used 
two  graduated  burettes  connected  together  at  the  bottom  by  a 
clamped  tube.  One  burette  was  filled  with  water,  and  the  other 
with  dried  and  crushed  sample  soil.  Water  was  then  allowed 
to  pass  upwards  through  the  soil,  displacing  all  the  air  until  it 
just  reached  the  surface. 

No.  of  c.c.  of  water  used  ^  ,    . 

— r= 7^ TT  X  100  1=  percentage  of  air. 

No.  of  c.c.  of  dry  soil 

All  rocks  are  more  or  less  permeable,  and  there- 
fore capable  of  containing  air  or  water  in  their 
interstices.  A  cubic  yard  of  granite  or  marble  holds 
about  a  pint  of  water,  sandstone  25  gallons,  and  sand 
50  gallons. 

Chemical  Composition. — The  mineral  con- 
stituents of  soil  are  of  the  utmost  variety,  but  only  the 
organic  matters  will  be  considered  here.  The  soil 
undergoes  constant  pollution  by  dead  animal  and  vege- 
table  matter  and   excreta,  which  are  as  constantly 
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^Bfaog  removed  by  putrefaction,  nitric ctition,  &nd  the 

^HUDence   of   vegetation.      Apart  from  such  obvioas 

^■SEaniples  as  graveyards,  manured  fields,  sewage-farms, 

and  the  like,  aniatentional  pollution  of  the  soil  goes 

on  upon  an  enormous  scale,  especially  around  dwellings. 

Nitrates  a.re  commonly  found  in  abundance  in  the  soil 

^^^  any  long-inhabited  place.     Carbonic  acid  and  other 

^^niple  compounds  are  formed  concurrently  ;  offensive 

^Hpses  are  given  off  during  putrefaction,  but  are  de- 

^fSdorised  and  oxidised  by  passing  through  aerated  soil 

Vegetable  matters  are  more  persistent.     They  may 

undergo  putrefaction  and  slow  oxidation,  but  it  is  not 

certain  that  nitrification  takes  place. 

Sometimes  the  natural  level  of  the  ground  is 
artificially  i-aised,  constituting  what  is  known  as 
"  made  Boil,"  This  may  be  ordinary  earth,  but  in  the 
neighbourhood  of  towns  it  is  a  common  practice  to  fill 
up  hollows,  and  to  elevate  low-lying  sites  by  trade 
refuse,  ashes,  household  refuse,  and  even  excremental 
refuse.  ^  From  such  soil  the  impurities  fairly  rapidly 
disappear,  owing  to  oxidation  and  washing  by  rain. 
Sanderson,  Parkes,  and  Savage  found  that  in  about 
three  years  most  of  the  vegetable  matters  in  cinder 
refuse  had  disappeared ;  wood,  straw,  and  cloth  were 
rotten,  but  still  distinguishable,  free  cKposiire  to  air 
and  rain  and  free  outlet  for  drainage  will  accelerate 
the  process  of  purification. 

BacteriHl  CoDtenl. — Soil,  particularly  within 
a  few  inches  of  the  surface,  contains  many  bacteria. 
These  have  been  divided  into  groups  according  to 
function.  The  decomposition  or  denitrification  organ- 
isms abound  particularly  in  soils  possessing  a  high 
degree  of  organic  matter,  and  their  r6le  is  to  break 
down  compounds  oE  ammonia  and  nitrogen,  yielding 
free  nitrogen,  COj,  water,  ammonia,  and  aometiroes 
^iiitrites.  These  Jatter  Ijodies  are  oxid^aei  ^i'^  *ilGiii 
Bb^£^«^  organisms   first    discovered   bj    Sc\i\:Qst&% 
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and  Muntz  in  1877.  Nitrification  is  performed  in 
two  stages ;  first,  an  oxidation  from  ammonia  bodies 
to  nitrites,  carried  out  by  the  nitrous  organism,  and 
secondly,  the  oxidation  of  the  nitrites  into  nitrates 
by  the  agency  of  the  nitric  organism.  For  the  per- 
formance of  their  function  these  organisms  require 
pabulum,  oxygen,  a  base  with  which  nitric  acid  when 
formed  can  combine,  and  a  favourable  temperature. 
Both  organisms  are  widely  distributed  in  superficial 
soils  (within  12  inches  of  the  surface),  and  act 
together  and  in  conjunction  for  the  common  pur- 
pose of  nitrification.  In  organic  solutions,  nitrous 
organisms  thrive  and  nitric  organisms  do  not,  the 
reverse  being  true  in  inorganic  solutions  containing 
nitrites,  in  which  nitrous  organisms  are  incapable  of 
the  oxidation  process.  The  presence  of  peaty  or 
humous  matter  appears  to  preserve  the  vitality  of 
nitric  organisms  during  the  fermentation  of  ammonia. 
A  third  group  of  allied  organisms  are  the  nitrogen- 
fixing  bacteria  found  in  soil  and  in  the  roots  of  legu- 
minosse ;  their  function  appears  to  be,  directly  or 
indirectly,  the  fixation  of  free  nitrogen  (symbiosis). 
This  may  be  performed  under  the  symbiotic  condition 
by  the  leaves,  by  distribution  in  the  soil  of  the  root 
nodules,  or  by  the  nodules  themselves.  It  is  thus,  in 
part,  that  clover,  vetches,  peas,  beans,  and  other  legu- 
minous crops  increase  the  amount  of  fixed  nitrogen 
in  the  soil,  particularly  where  it  is  especially  small 
in  quantity.  Associated  with  these  groups  of  bac- 
teria are  a  number  of  saprophytic  organisms,  the 
function  of  which  is  not  known.  Houston  has 
described  certain  acid-forming  microbes  in  peat. 

It  would  be  difficult  to  over-estimate  the  value 

in  the  economy   of   nature   of  the   three  groups  of 

organisms  to  which  reference  has  been  made :    they 

remove  organic   matter  and  >?fa&\^  «i.\ivai«I  ^^roducts, 

thejr    carry   on    the    oxidation  t^toc^^^^^  ^\v\0o.  «cft 
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applied  in  the  bacterial  treattDeut  of  sewage,  tmd 
they  fix  free  nitrogen.  Some  at  least  of  the 
pathogenic  organisms  are  also  known  to  live  and 
ranlliply  in  soil,  and  at  least  thi'ee  find  in  such  a 
medium  a  favoarahle  nidus.  The  bacillus  of  tetanus 
(B.  teUmi)  ia  common  in  the  soil  and  dust  of  certain 
distriets,  either  in  a  bacillary  form  or  in  the  resting 
stage  of  spores.  The  presence  of  this  bacillus  in 
jnte  factories  is  possibly  due  to  its  attachment  to  the 
roots  of  the  Corchorita  in  the  soil  of  Bengal.  The 
organisms  of  quarter-evil  (symptomatic  anthrax)  and 
malignant  tedenia  are  two  other  examples  of  pathogenic 
bacteria  in  soil. 

Recent  research  has  shown  that  the  typhoid  bacU- 
lus  bears  a  relation  to  soil.  In  1888  Grancher  and 
Desohampa  showed  that  it  was  able  to  survive  in  soil 
fOF  more  than  twenty  weeks.  In  1894  Dempster 
published  the  results  of  his  <nork  on  the  same  suhject, 
in  which  he  obtained  the  bacillus  from  sand  after  23 
days,  from  garden  soil  after  42  liays,  and  from  peat 
not  later  than  34  hours.  Four  years  later  came 
Robertson's  researches  into  the  growth  of  the  typhoid 
bacillus  in  the  soU  of  an  ordinary  field,  from  which  he 
was  able  to  isolate  the  living  bacillus  twelve  months 
after.  Sidney  Martin  found  the  organism  still  alive 
after  404  days  in  dry  sterOised  garden  soil ;  in  wet 
soils  it  lived  but  a  short  time,  as  also  in  uncultivated 
Boils  which  had  not  been  stei'iliaed,  nnd  in  which 
ordinary  putrefactive  germs  abounded.  Under  such 
iditions  the  typhoid  bacillus  appeared  to  die  out 
(idly.  Lastly,  we  have  the  results  of  the  mvesti- 
_  ttions  of  rirth  and  Hon-ocks  (1903),  who  conclude 
ihat  the  typhoid  bacillus  is  able  to  assume  a  vege- 
tative existence  in  ordinary  aoUs  and  in  sewage- 
polluted  soils  for  as  long  as  74  days  They  further 
Jnaintain  that  the  controlling  factor  ih  a.Ti  ex\,e«4  li^ 
^Soiency  of  moist  un  in  the  soil  ratket  thtHY  OT-^a.-nvt 
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nutritive  material.  From  dry  fine  sand  the  bacillus 
was  recovered  after  25  days;  from  moist  fine  sand 
after  1 2  days ;  from  damp  (rain-water)  ordinary  soil 
after  67  days;  from  damp  (sewage)  ordinary  soil 
after  53  days ;  and  from  ordinary  soil  dried  to  the 
state  of  dust,  after  24  days.  In  peat  the  bacillus 
lives  apparently  only  a  few  days.  Firth  and  Horrocks, 
therefore,  arrive  at  a  different  conclusion  from  Martin, 
namely,  that  the  typhoid  bacillus  is  able  to  assume  a 
vegetative  or  saprophytic  existence  for  considerable 
periods  outside  the  body,  that  it  can  survive  in  ordinary 
earth  for  over  two  months,  whether  the  soil  be  virgin 
or  polluted  with  sewage,  or  frozen  hard,  and  that, 
therefore,  it  follows  that  outbreaks  of  enteric  fever 
may  be  due  to  the  dissemination  (for  example  by 
wind  or  flies)  of  infective  soil  dust.  Pfuhl  of  Berlin 
(1904)  has  arrived  at  results  confirmatory  of  these 
experiments.  From  moist  garden  earth  he  recovered 
the  typhoid  bacillus  88  days  after  inoculation,  from 
dry  sand  after  28  days,  and  from  moist  peat  21 
days. 

Sewage  added  to  ordinary  garden  soil  leads  to  a 
temporary  increase  only  of  sewage  microbes  at  the 
expense  of  soil  microbes,  the  ordinary  soil  bacteria 
eventually  ousting  the  sewage  microbes  in  the  struggle 
for  existence.  Sandy  soil  so  treated  does  not  recover 
for  some  months.  The  chief  kinds  of  bacteria  result- 
ing from  such '  soil  treatment  are  indol-producing 
bacteria,  gas-producing  bacteria,  spores  of  B.  enteritidis 
sporogenes,  B,  coli  and  its  allies,  and  streptococci 
(Houston).  Further,  it  should  not  be  forgotten  that 
soil  has  some  power  of  destroying  pathogenic  germs 
as  well  as  sewage  organisms. 

Among    the    more    important    specific    diseases, 
anthrax,    tetanus,    malaria,    enteric    fever,    cholera, 
diarrhoea,  and  yellow  fever  are  closely  concerned  with 
telluric  conditions,     Dampness  o^  so\\  as.  ^•aMQxscc^Y^fc 
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to  phthisis  and  diphtlieria,  and,  aucoidiug  to  some 
anthorities,  to  ricteta  also.  Goitre  is  often  credited 
vith  a  more  indirect  relation  to  the  soil  (page  76). 

Enteric  fever  and  cholera  exliiliit  in  certain 
loonlities  a  very  definite  inverse  relation  to  the  fluctua- 
titHU  of  the  level  of  the  ground-water.  lo  Munich, 
Xirapsic,  and  elsewhere,  it  baa  been  found  that  a  fall 
in  tiie  subsoil  water,  and  especially  a  rapid  fall  after 
an  unusually  high  level,  is  followed  by  an  outbreak  of 
enteric  fever.  These  observations,  extending  over 
several  years,  led  Pettenkofer  to  the  conclusion  that 
the  conditions  requisite  for  an  enteric  outbreak  are 

(1)  a  rapid  fall    (after  a  rise)   in  the  ground-water, 

(2)  pollution  of  the  soil  with  animal  impurities,  (3)  a 
'ain  eaiih  temperature,  and  (4)  the  presence  of  a 

_^anisrn  in  the  soil.     These  conditions  imply 

L  warm,  moist,  and  well-aerated  soil,  containing  |)ahu- 

a  suitable  for  the  specific  microbe.  ■  On  tlie  other 

ind,    the  association  of  falling  ground-water  with 

jnteric  outbreaks  is  not  observed  in  other  localities. 

i  has  not  been  traced  in  England,  as  a  rule,  and, 

ideed,  outbreaks  have  occureed  with  rising  ground- 

tater.     Although  the  existence  of  some  direct  or  in- 

itrelation  between  the  two  phenomena  in  Munich 

L&not  be  doubted,  Fettenkofei''s   hypothesis  is  not 

s  only  possible  explanation.     Buchanan  suggested 

Bhat  the  connection  between  them    may  be  found  in 

|K>llution    of    wells,     but    Pettenkofer    obtained    no 

alytical  evidence  of  this. 

The  same  conditions,  according  to  Pettenkofer,  are 

[lessary  for  the  appearance  of  cholera  in  an  epidemic 

Malaria,  including  under  that  term  the  varioua 

forma  of  intermittent  and  remittent  fevers,  is  also,  in 

part,    a  "telluric"  disease.      The   specific    proto;toa 

have  at  one  stage  of  their  development  their  normal 

^imbitatin  the  soil  or  in  surface  wa.Ver,  a,x\A  tec^wfe 
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air,  a  certain  degree  of  warmth,  and  decomposing 
vegetable  organic  matter.  A  rise  of  ground- water  due 
to  heavy  rainfall,  or  impeded  or  insufficient  outflow, 
is  a  common  antecedent  of  severe  outbreaks  in  mala- 
rious districts,  and  many  such  districts  in  England 
and  elsewhere  appear  to  have  been  permanently 
freed  from  malaria  by  improved  drainage.  Land 
that  has  gone  out  of  cultivation  may  become 
malarious  if  the  other  conditions  are  favourable. 
Marshy  land,  especially  if  covered  with  rank 
vegetation,  is  the  most  common  locus^  and  estuarial 
marshes  are  favourable  breeding  grounds.  Either 
permanent  flooding  or  drainage  will,  as  a  rule,  render 
them  non-malarious. 

Enteric  fever,  cholera,  and  yellow  fever  are  often 
endemic,  a  fact  that  in  itself  is  strongly  suggestive 
of  telluric  relations.  They  are  also  found  to  flourish 
best  where  the  soil  is  polluted  with  excremental  or 
other  animal  matter.  The  same  may  be  said  of  diar- 
rhoea, and  Ballard  has  shown  that  outbreaks  of 
summer  diarrhcEa  have  a  close  relation  with  the  earth 
temperature  at  a  depth  of  four  feet.  Soil  may  become 
infected  by  the  spores  of  anthrax  or  tetanus,  and 
retain  the  infection  for  an  almost  indefinite  time. 

Buchanan  found  not  only  that  phthisis  mortality 

bears  a  direct  relation  to  dampness  of  subsoil,  i.e.  to 

height    of   ground-water,    but    also    that    when   the 

ground-water  is  lowered  and  the  soil  dried  by  artificial 

drainage,  the  recorded  phthisis  mortality  falls,  in  some 

instances  as  much  as  30  or  even  50  per  cent.      He 

concluded  that  there  is  less  phthisis  among  populations 

living  upon  pervious  soils,  which   were  higher  lying 

and  sloping,  than  on  impervious,  low  lying,  and  flat 

soils.     The  term  phthisis  is,  of  course,  to  be  taken  in 

a  broad  sense.       It  appears,  also,   that  dampness  of 

soil  is  favourable  to  all  affectioiv^  o^  ^V^  ves^iratory 

system,   including  bronclaitia  aii^  ^ive>OLmom^»    \t3l^ 
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absence  of  definite  evidence  the  popular  theory  that 
damp  and  cold  soils  are  conducive  to  rheumatism 
and  all  manner  of  catarrhs  may  be  provisionally 
accepted.  A  high  level  of  ground- water  (say  within 
^ye  feet  of  the'  surface)  is,  therefore,  objectionable, 
and  it  is  preferable  that  it  should  be  fifteen  feet  or 
more  from  the  surface;  but  frequent  and  extensive 
fluctuations  of  level  are  probably  worst  of  all.  The 
presence  of  clay,  like  high  ground-water,  renders  a 
soil  "  cold/' 

Buildings  Sites.  —  Porous  soils,  like  sand  or 
gravel,  with  low  ground-water,  are  the  warmest,  and  in 
the  main  the  most  healthy ;  but  they  are  also  the  most 
liable  to  organic  pollution,  and  the  ground-air  moves 
freely  in  their  interstices.  Clay,  and  especially  a  clay 
slope,  afibrds  a  far  more  healthy  site  than  gravel  or 
sand  containing  organic  matter,  the  impure  ground- 
air  from  which  is  constantly  forced  out  of  the  soil, 
and  is  also  liable  to  be  drawn  into  the  interior  of 
houses  through  the  basement.  The  most  unhealthy 
site  of  all  would  be  a  hollow  with  impure  gravelly 
soil  and  high  and  fluctuating  level  of  ground- water ; 
the  most  healthy,  the  summit  of  a  slope  with  dry, 
pure,  sandy  or  gravelly  soil,  and  low  and  stationary 
level  of  subsoil  water.  The  foot  of  a  slope  often 
receives  the  drainage  from  the  higher  ground,  and 
there  is  the  same  liability  to  damp  at  the  junction 
of  an  upper  porous  and  a  lower  impervious  bed, 
especially  if  the  strata  dip  towards  the  point  in 
question.  In  tropical  regions  it  is  necessary  to  take 
into  account  the  tendency  of  winds  to  pass  up  valleys 
and  ravines,  from  lower  to  higher  levels,  during  the 
day,  and  in  the  reverse  direction  at  night.  The 
proximity  of  marshy  or  "malarious'*  ground  may  be 
dangerous,  even  if  the  site  itself  is  otherwise  free 
from  objection.  Herbage  is  beneficial,  for  the  reasons 
already  stated,  and  so  too  are  trees,  unless  they  are 
G* 
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allowed  to  interfere  with  light  and  circulation  of  air. 
Manured  lands  have  not  been  proved  to  be  hurtful ; 
but  irrigated  lands,  and  especially  rice-fields,  which 
give  off  organic  matter  and  much  moisture,  are 
injurious ;  and  in  Italy  rice-grounds  are  not  allowed 
within  14  kilometres  of  cities,  or  1  kilometre  of 
small  towns  (Parkes),  There  seems  to  be  no  good 
evidence  against  well-managed  English  sewage  farms. 
"  Made  soil "  is  usually  impure  and  unfit  for  building 
sites.  The  objection  is  greatest  when  the  deposit  is 
recent  (within  3  years)  and  contains  excremental  or 
other  organic  refuse,  and  is  so  placed  in  hollows  that 
drainage  and  aeration  are  impeded. 

ideological  Formations.— The  following  is  a 
summary  of  Parkes's  conclusions  in  respect  to  the 
healthiness  of  certain  geological  formations,  but,  as  he 
points  out,  they  are  of  less  importance  than  the 
immediately  local  conditions  : — 

Granitic,  Metamorphic,  and  Trap  rocks,  Millstone 
Grit  and  Clay  Slate  are  impervdous  and  generally 
healthy.  The  slope  is  great,  vegetation  not  excessive, 
air  dry,  and  water  pure.  Marshes  are  infrequent. 
These  rocks,  when  weathered  and  disintegrated,  are 
alleged  to  be  unhealthy. 

Limestone,  Oolite,  and  Magnesian  Limestone  (^Dolo- 
mite) have  also  much  slope,  and  water  passes  off 
readily.  Marshes  may  occur,  even  at  great  heights. 
Magnesian  limestone  is  the  worst  and  oolite  the  best. 
Goitre  and  calculus  may  be  met  with. 

Chalk  is  healthy  if  permeable  and  free  from  clay. 
The  air  and  water  are  pure.  Goitre  and  calculus 
are  less  common  than  in  limestone  districts.  Marly 
chalks  are  impermeable,  and  therefore  damp  and  cold, 
and  may  be  "  malarious.*' 

Sandstone,  if  permeable,  is  healthy.  The  air  and  soil 
are  dry,  but  the  water  is  often  impure.  An  admix- 
ture, or  substratum,  of  clay  may  render  the  site  damp. 
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Sand  is  healthy  if  pure  and  dry.  Many  sandy 
soils  are  unhealthy,  e.g,  when  the  subsoil  water  is 
high  and  organic  iVnpurities  are  present.  The  water 
is  liable  to  contain  salts  of  the  alkalies,  lime, 
magnesia,  and  iron,  and  is  often  unfit  for  drinking 
purposes. 

Gravel  is  healthy,  except  in  hollows  where  the 
ground- water  is  high.  Gravel  hillocks  are  the  healthi- 
est of  all  sites.     Tlie  water  is  usually  pure. 

Alluvial  soils^  inclvding  Clay  and  dense  Marly  are 
usually  unhealthy.  Water  neither  runs  oft'  nor 
through  them,  marshes  are  common,  the  air  is  moist, 
and  the  water  often  impure  with  lime  and  soda  salts. 
The  deltas  of  great  rivers  present  these  alluvial 
characters  in  the  highest  degree,  and  should  not  be 
adopted  for  sites  without  thorough  drainage. 

Much  may  be  done  to  improve  a  site  not  natui'ally 
healthy.  If  damp  it  may  be  drained,  or  trenches  may 
be  cut  around  it  so  as  to  intercept  the  subsoil  water 
on  its  way  from  higher  ground.  By  such  means  the 
level  of  the  ground- water  will  be  lowered  and  its  fluc- 
tuations lessened.  Damp  places  near  the  site  may  be 
drained  or  filled  in,  and  the  site  itself  may  be  artifi- 
cially elevated  if  necessary.  Trees  are  often  desirable 
for  shelter  or  ornament,  but  should  not  be  allowed  to 
interfere  with  light  or  circulation  of  air.  Kank  or 
superabundant  vegetation  must  be  cleared  away,  but 
short  grass  is  beneficial. 
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CHAPTER    VL 

BUILDINGS. 

Materials   and    i^eneral    Construction.— 

Most  of  the  ordinary  building  materials  are  pervious 
to  air  and  water  to  a  greater  or  less  extent.  Galton 
states  that  with  a  temperature  of  40°  F.  outside,  and 
72°  F.  within,  the  volumes  of  air  passing  through  a 
square  yard  of  wall  vary  according  to  the  material,  as 
follows  : — 


Sandstone 
Quarried  Limestone 
Brick    . 
Limestone     . 
Mud 


4-7  cubic  feet  per  hour. 

6-5 

7-9 
10-1 
14-4 


ft  >» 

>»  » 

99  »» 


The  thickness  of  the  wall  is  supposed  to  be  the 
same  in  all  cases.  Mortar,  cement,  and  concrete*  are 
also  permeable,  and  the  caustic  lime  they  contain 
absorbs  carbonic  acid  until  it  becomes  saturated. 
Wood  in  its  natural  condition  absorbs  water,  and  the 
inevitable  joints  and  crevices  admit  of  the  passage  of 
air  and  water.  Bricks  are  usually  9  in.  x  4J  in.  x 
2|  in.  They  are  porous  and  absorbent,  but  if  of  good 
quality  make  excellent  building  material.  Stone 
varies  greatly  in  consistence  and  durability.  Portland 
stone  is  much  used  in  the  metropolis. 

By  painting,  varnishing,  and  other  means  the 
inner  surfaces  of  walls,  floors,  and  ceilings  can  be  ren- 
dered impervious,  and  walls  lined  with  glazed  bricks 
or  the  finer  cements  (Parian)  are  scarcely  permeable. 

•  Mortar  consists  of  sharp  sand  and  slaked  lime  in  the  proportion  of  3  to 
1.  Frequently  inferior  material  is  worked  up  into  mortar.  Portland 
Cement  is  made  by  grinding  chalk  and  mixing  it  with  blue  clay  and  river 
mud,  then  burning  it  in  a  kiln  and  grinding  it  to  a  fine  powder.  "  Compo  " 
is  a  mixture  of  Portland  cement  with  sand  for  external  plastering  in  two 
coats,  a  rough  coat  composed  of  1  part  cement  to  5  parts  compo,  and  a  fine 
coat  of  2 parts  One  sand  and  1  part  cement.  With  this  material  walls  are 
*^ rendered. "  Concrete  ia  composed  of  3  parts  \)To\teiv  \i«\\aa\)»*l  ^x^  %a.wd, 
and  J  part  lime  or  cement. 
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The  disadvantages  of  porous  materials  are 
obvious,  and  the  air  admitted  ia  this  way  though 
small  in  amount  is  at  least  doubtful  in  purity. 
Pervious  walls  are  liable  to  he  damp  and  cold.  Air 
paasing  through  them  in  either  direction  is  filtered, 
and  the  wall  becomes  charged  with  organic  impuritiea. 
This  is  specially  the  case  with  the  inner  surfaces,  and 
in  hospitals  it  ia  now  customary  to  render  the  walls 
and  floors  impervious  as  far  as  possible.  The  exclusion 
of  damp  and  impure  ground-air,  by  means  of  imper- 
vious basements,  ia  absolutely  necessary  in  all  inhabited 
buildings.  This  may  most  conveniently  be  effected  by 
covering  the  basement  in  every  part  with  a  layer  of 
cODorete  six  inches  thii'k,  as  required  by  the  Model 
Bye-laws,  but  other  materials  may  be  employ ed. 
It  has  been  pro- 
posed to  cut  off 

tion  with  the 
soil  still  more 
thoroughly  by 
elevating  the 
house  upon  pil 
lars  and  arches, 
thus  allowmg 
free  play  of  fi  esh 
air  beneath  it 
If  there  are  no 
cellars,  the  same 
result  may  be  at- 
tained in  some 
degree  by  con- 
structing the 
lowest  floor  a 
foot  or  two  above 
the  ground  level,  and 
neatb  by  means  of  ki 
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without  precautious  of  this  kind  the  entrance  of 
ground-air  through  the  basement  is  inevitable  when- 
ever the  air  in  the  interior  of  the  house  ia  warm,  and 
therefore  lighter  than  that  outside. 

Measures  must  also  be  taken  to  prevent  damp  from 
rising  in  the  vralls 
by  capillary  attrac- 
tion. For  this  pur- 
pose a  "damp-courae" 
must  be  provided, 
that  is,  a  continuous 
horizontal  course  of 
glazed  earthenware, 
sheet  lead,  two  layers 
of  ordinary  roofing 
slate  set  in  cement, 
|in.  of  asphalt,  stone- 
ware  si  abs,  two 
courses  of  Stafford- 
shire bricks,  or  other 
unpervious  material, 
of  the  full  thickness 
I  f  the  wall,  above 
the  highest  point  at 
whiih  the  wall  is 
m  contact  with  the 
earth,  and  below  the 
lowest  timbers  or 
floor  supports  (Fig  5)  It  is  undesirable  to  allow 
the  soil  to  be  m  contact  with  the  wall  of  any  looni  or 
cellar,  and  this  can  usually  be  obviated  by  excavatmg 
it  on  the  outside  to  below  the  level  of  the  floor  so  as 
to  form  a  "  dry  area,"  but  if  this  la  impracticable  the 
device  shown  in  the  Model  Bye-laws  may  be  employed  ; 
the  wall  is  made  hollow  up  to  a  point  above  the 
ground  Jevel,  and  two  damp-couraes  are  inserted,  one 
M  the  level  o£  the  bottom  of  the    co.-j\'q,  wxi  <jl 
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course  beneath  the  floor  level,  the  other  at  the  top  of 
the  cavity,  and,  therefore,  above  the  level  of  tho 
groimd  outidde  (Fig.  6).  In  this  way  the  inner  wall  is 
completely  isolated  from  the  soil. 

The  necessity  for  free  ventilation  extends  to  all 
closed  spaces,  including  those  below  floors.  There  is 
a  tendency  among  builders  to  use  air-grates  so  con- 
siracted  and  i^rranged  as  to  allow  but  little  air  to 
pass.  If  the  ventilation  is  insufficient,  the  air  becomes 
damp  and  musty,  and  the  fungous  growth  known  as 
"dry-rot"  {Meruliiis  lacrimans)  is  liable  to  set  in. 
As  regards  tl\e  upper  storeys,  however,  the  ventila- 
tion through  the  boards  and  ceiling  is  usually  suflicient 
to  prevent  dry-rot,  unless  the  floor  is  covered  with 
oildoth  or  otherwise  rendered  impervious.  Fireproof 
floors  are  now  becoming  common. 

The  thickness  of  walls  is  often  regulated  solely 
by  considerations  of  stability,  and  the  choice  of 
materials  by  their  cheapness  and  convenience,  but 
regard  should  also  be  had  to  warmth  and  exclusion 
of  damp.  It  is  sometimes  advantageous  to  make  the 
outside  wall  hollow  or  double,  or  even  to  fill  in  the 
hollow  of  a  double  wall  with  pitch  or  cement.  The 
outer  surface  may  also  be  made  impervious  by  paint, 
tar,  cement,  or  slate.  Damp  walls  may  be  due  to 
ascending  moisture  where  there  is  no  damp-proof 
course,  or  to  overflow  from  roof-gutters  and  rain- 
water pipes,  etc.  The  walls  separating  one  house 
from  another  should  be  carried  up  to  or  above  the  roof 
in  every  part.  Any  communication  beneath  the  roof 
is  objectionable  for  many  reasons,  including  danger 
in  case  of  fire  or  infectious  disease  in  one  of  the 
houses.  The  Model  Bye-laws  require  for  the  external 
walls  or  party- walls  of  houses  a  minimum  thickness 
of  nine  inches,  increasing  according  to  a  prescribed 
scale  when  the  height  exceeds  25  feet  or  the  length 
SO  feet     Walk  should  be  properly  bonded \vN  ^\«w^^^\>^ 
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bond  (bricks  placed  transversely  and  longitudinally 
by  turn)  or  English  bond  (a  course  of  longitudinal 
alternating  with  a  course  of  transverse). 

The  roof  itself  affords  very  little  protection  from 
the  extremes  of  temperature,  and  the  rooms  imme- 
diately beneath  it,  if  intended  for  occupation,  should 
have  a  "false  roof"  or  ceiling  over  them,  so  as  to 
leave  an  intervening  air-space  below  the  slates. 

The  size  of  the  rooms  will,  of  coiirse,  be  regulated 
by  convenience  and  by  the  purpose  for  which  they  are 
intended.  As  a  rule,  the  height  should  not  be  less 
than  ten  feet,  but  extreme  height  is  not  desirable 
unless  means  are  provided  for  carrying  away  the  hot 
and  impure  air  from  the  upper  part  before  it  con- 
denses and  falls  again.  A  window  opening  top  and 
bottom  and  placed  in  an  external  wall  is  essential  in 
every  inhabited  room,  and  as  far  as  possible  a  due 
northern,  and  therefore  sunless,  aspect  is  to  be  avoided. 
Besides  the  window,  every  room  should  have  an  open 
chimney,  or  at  least  some  permanent  and  effectual 
means  of  ventilation  not  entirely  under  the  control  of 
the  occupant.  Kooms  beneath  the  ground  level  are 
liable  to  damp,  stagnation  of  air,  and  deficiency  of 
sunlight,  and  should  never  be  used  as  bedrooms.  A 
central  hall  or  staircase  of  the  full  height  of  the 
house,  with  ventilating  windows  at  the  top,  is  useful 
in  promoting  free  circulation  of  air  throughout  the 
building. 

For  the  sake  of  securing  a  share  of  sunlight  in 
every  room,  it  is  preferable  that  rows  of  houses  should 
run  north  and  south,  and  that  square  buildings  should 
have  angles  in  those  directions. 

Every  house  should  have  both  in  front  and  rear 
an  open  space  at  least  equal  in  length  to  the  height 
of  the  building,  in  order  to  allow  sufficient  light 
and  ventilation  for  the  rooms  on  the  lowest  floor. 
The   arrangement    of   houses   in    couxta    or    small 
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closed  squares  is  objectionable,  since  the  air  cannot 
circulate  freely.  Cul  de  sac  courts  and  courts 
entered  under  archways  or  by  high- walled  alleys  are 
on  this  account  to  be  deprecated.  Nor  should  build- 
ings be  so  placed  in  relation  to  each  other  as  to  pre- 
vent free  access  of  sunlight  and  air.  The  space 
in  front  of  houses  should  be  of  a  minimum  width  of 
36  feet  for  a  street  of  more  than  100  feet  in  length 
which  itself  must  be  at  least  24  feet  wide  (in  London 
40  feet).  Model  Bye-laws  provide  for  at  least  150 
superEcial  feet  at  the  rear  of  houses.  The  London 
Building  Act  crystallizes  the  principle  that  the  amount 
of  space  at  the  rear  shall  be  proportionate  to  the 
height  of  the  building,  and  it  contains  a  number  of 
regulations  as  to  building  in  new  and  old  streets. 
Streets  should  not  be  of  less  width  than  the  height  of 
the  houses  in  them,  and  a  line  drawn  from  the  ridge 
of  the  roof  to  the  foot  of  the  wall  opposite,  front 
and  rear,  should  not  make  an  angle  of  more  than  45" 
with  the  ground.  The  practice  of  building  over  back- 
yards which  prevailed  in  Central  London  last  century 
is  wholly  pernicious,  for  such  a  system  leads  to  back- 
to-back  houses. 

JBack-to-back  houses  are  dwellings  in  which 
through  ventilation  cannot  be  obtained,  and  the 
absence  of  curtilage  at  the  back  is  in  itself 
a  serious  inconvenience.  They  have  usually  dark 
and  ill- ventilated  sculleries,  pantries,  storerooms,  or 
living  rooms,  and  it  is  often  difficult  to  secure  the 
satisfactory  disconnection  of  sink  wastes.  The 
closets  have  to  be  built  in  blocks,  often  at  an  incon- 
venient distance,  and  in  a  public  position.  Tatham 
has  shown  that  in  such  houses  mortality  rates  are 
higher,  by  comparing  the  death  rates  in  Salford  (26*1 
per  1 ,000)  where  there  were  no  back-to-back  houses 
with  the  death  rates  where  18  per  cent,  of  the  hQ\i&^<& 
were  of  ihia  cbardcter  (29*1  per  1,000^  baA  ^\ifc\^ 
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50  per  cent,  were  of  this  character  (37*3  per  1,000). 
Many  similar  returns  have  been  made,  and  the  Ii.G.B. 
do  not  now  sanction  bye-laws  which  permit  of  the 
erection  of  back-to-back  houses. 

The  interior  of  a  house  will  of  course  be  arranged 
according  to  the  taste  and  circumstances  of  the  owner. 
Walls  may  suitably  be  rendered,  in  plaster  (lime 
mortar,  or  cement  mortar)  and  finished  by  lime- wash- 
ing, as  in  outbuildings,  whitewashing  with  "  whiting  " 
(chalk,  size,  and  alum),  distempering,  painting  in  oils, 
or  papering.  Painting  of  wood,  iron- work,  etc.,  has 
many  advantages,  and  tends  to  cleanliness  and 
preservation.  It  may  frequently  be  washed.  New 
papers  should  not  be  pasted  over  old  ones,  as  this  leads 
to  filth,  and,  in  tenement  houses,  to  verminous  con- 
ditions. The  wall  should  be  "  stripped  "  and  cleansed, 
and,  if  necessary,  rendered  with  size  before  the  new 
paper  is  put  on. 

New  houses  are  constructed  under  the  supervision 
of  the  S.A.,  and  in  accordance  with  bye-laws  pre- 
scribing all  details  necessary  for  sanitary  purposes. 
Old  houses  are  very  often  wanting  in  many  points 
now  regarded  as  essential  for  the  health  of  the 
inmates,  and  it  becomes  a  matter  of  considerable 
difficulty  to  decide  how  far  it  is  practicable  to  enforce 
modem  requirements  in  such  houses.  If  the  defects 
are  such  as  to  be  prejudicial  to  the  health  of  the 
inhabitants,  it  is  the  duty  of  the  S.A.  to  require 
the  necessary  repairs  or  alterations  to  be  carried  out, 
and  it  is  incumbent  upon  the  M.O.H.  and  Inspector 
of  Nuisances  to  bring  such  cases  to  the  notice  of 
the  Authority  for  that  purpose.  Very  often  it  is 
not  possible  to  effect  such  alterations  as  would  be 
considered  satisfactory  in  new  premises,  and  a  certain 
degree  of  latitude  has  to  be  allowed.  No  hard  and 
fast  line  can  be  drawn  between  that  which  is  essential 
and  that  which  is  desirable,  and  a  similar  difficulty 
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frequently  arises  in  deciiJing  whether  a  house  is  or  is 
not  St  for  habitation.  Sometimes  the  <jiieatiou  is  only 
one  of  degree,  in  matters  regarding  which  fixed  stan- 
dards are  impossible.  Several  causes  may  combine  to 
render  a  bouse  unhealthy. 

'Water-Supply  lo  Houses. — The  Public  Health 
Act,  1875,  and  the  Public  Health  (Water)  Act,  1878, 
powers  to  S.A.  to  enforce  supply  of  water  to  indi- 
idual  houses,  groups  of  houses  and  villages. 

Under  the  1875  Act,  the  S.A.  can  only  insist  on 
supply  to  a  house  if  the  cost  does  not  exceed  the 
water  rate  authorised  by  any  local  Act  in  force  in  the 
diatrict,  or  2d.  per  week,  or  such  other  coat  as  the 
It.Q.'B.  iaa,y,  on  the  application  of  the  S.A.,  determine 
be  reasonable. 
The  Public  Health  (Water)  Act,  1878,  makes  it 
le  duty  of  a  Rural  S.A.  to  see  that  every  occupied 
■elling-house  in  their  diatrict  "has  within  reason- 
distance    an    available    supply    of    wholesome 
',"     but,     unfortunately,     the    interpretation    of 
reasonable   distance,"    and  "an  available  supply," 
ELS  in  the  past  often  been  so  liberal  that  the  Act  has 
been  largely  inoperative. 

The  Metropolis  Water  Act,  1871,  gave  power  to 
the  Board  of  Trade  to  make  regulations  controlling 
the  supply  to  houses  by  water  companies.  The 
Public  Health  (London)  Act,  1891  (s.  ■18),  states  that 
a  dwelling-house  shall  be  deemed  unfit  for  human 
habitation  if  it  is  without  a  proper  and  sufficient 
supply  of  water.  New  houses  in  London  have  to  be 
certified  in  this  respect. 

Ventilation. — One  of  the  most  important 
matters  in  connection  with  buildings,  particularly 
dwelling-houses,  is  ventilation.  Taking  the  average 
frequency  of  respiration  as  Ifi  per  minute,  and  tlie 
average  volume  of  each  breath  as  30  cubic  inches,  tiio 
Bmlume  o!  air  expired  is  about  17  cubic  feet  per  hotif, 
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and  if  it  were  possible  to  carry  this  immediately 
away  (as  is  done  in  the  case  of  divers)  a  fresh-air 
supply  of  17  cubic  feet  per  hour  would  suffice.  In 
practice,  the  expired  air  cannot  be'  prevented  from 
mixing  with  the  re^t,  and  we  have  to  determine  how 
much  fresh  air  is  needed  to  dilute  down  the  respira- 
tory impurities  to  a  permissible  point,  assuming  that 
the  whole  of  the  air  in  the  room  is  equally  con- 
taminated. 

When  the  carbonic  acid  in  the  air  of  a  room 
exceeds  0*6  volume  per  1,000,  the  air  begins  to  be  per- 
ceptibly "  close"  to  a  person  entering  from  the  open  air, 
and  it  is  usual  to  adopt  this  as  a  standard  of  purity, 
and  to  aim  at  introducing  a  sufficient  supply  of  fresh 
air  to  keep  the  carbonic  acid  at  or  below  this  point. 

A  thousand  cubic  feet  of  fresh  air,  containing  0*4 

cubic  foot  of  carbonic  acid  (see  page  3),  can  therefore 

take  up  0*2  cubic  foot  more  without  exceeding  the 

limit   of   0*6.     As  already  stated,  an   average   man 

gives  off  0*6  cubic  foot  of  carbonic  acid  per  hour, 

0*6 
so  that  -q:^  x  1,000,  or  3,000  cubic  feet  of  fresh  air 

per  hour,  are  needed  to  maintain  the  standard  of 
purity.  If  other  values  be  adopted  for  any  of  the 
preliminary  data,  the  volume  of  fresh  air  needed  will 
be  proportionately  modified.     In  general  terms,  if 

A  =  no.  of  c.f.  of  COg  in  1,000  c.f.  of  fresh  air  =  0-4, 
C  =  proposed  max.  Hmit  of  CO2  in  the  air  of  the  room, 
R  =  no.  of  c.f.  of  COj  given  oft  per  head  per  hour  =  0*6, 
F  =  volume  of  fresh  air  required  per  head  per  hour  to  main- 
tain the  standard  C, 

r^       ^        It  X  1,000         ^   ^  ^,  .     , 

Then  F  =     p_  .     ,    and  for  n  persons  the  required 


,         ,               n  X  R  X  1,000        n   x 
volume  becomes ^^j — r-^ — ,  or  -^ — 


600 


C-A       '        0  -0-4 

ExampU  I. — ^What  hourly  supply  of  fresh  air  is  needed  for  a 
hall  containing  100  persons,  in  order  that  the  air  of  the 


Vestila  riotr. 


^  =  ^-_---    s  l,000  =  200,000culiicfeet. 

,  fa  II. — If  12,000  cubic  feat  of  irefih  air  per  hoar  are 
supplied  to  a  room  containing  10  persons,  wlint  proportion 
>I  carbonic,  ucid  will  be  found  in  tlie  air  oE  the  room  f 

nla  F  z=     -, —  ■    becomes 

10  X  600 

■-•«»»=  c^« 

Hence  C  -=■  0-9  per  1,000  cubic  feet. 

It  is  of  course  assumed  that  an  equal  volume  of 
Bpure  air  is  removed  to  make  way  for  the  fresh  air. 

Camelley,  Haldane,  and  AnderGon  find  tbat  the 
determination  of  carbonic  acid  aloae  is  not  a  satis- 
factory measure  of  the  impurity  of  the  air  in  other 
3Bp«ct3.  There  is  no  definite  connection  between  the 
nber  of  microbes  and  the  amount  of  CO^,  but  in 
a  high  proportion  of  CO^  is  accompanied  by  a 
igli  proportion  rf  organic  matter.  Nor  does  it  of 
TJonrse  include  other  impurities,   such  as  sulphur.* 

As  gas  forms  in  burning  about  half  its  volume  of 
CO^  the  products  of  combustion  (on  a  standard  of 
20  grains  of  sulphur  per  100  cubic  feet)  would  con- 
tain less  than  0'5  grains  of  sulphur  to  500  litres  of 
COj.  If  the  sulphur  were  oxidised  to  SOa  this  would 
correspond  to  about  one  volume  of  SOj  to  1,500 
Tolumes  of  COa,  which  would  not  produce  any 
perceptible  effect  in  the  atmosphere  of  a  room.  The 
snlpliur  contained  in  crude  nnpnrified  lighting  gas  is 
present  chiefiy  as  HnS,  about  one-tenth  being  present 
in  oliier  forma  (as  CSj).  Gas  which  is  purified  from 
carbon  bisulphide  is  greatly  superior  from  a  hygienic 

*The  EDgllali  gu  eomiMmla  are  aanally  legBllj  required  ti 
— ^._; —  I —  iv__  ^  grains  per  100  cobic  fest.    In  Lgodon 


^S. 


J 


1 82  Hygiene  and  Public  Health.    [Chap.vi. 

standpoint  to  gas  which  is  only  purified  from  sul- 
phuretted hydrogen. 

As  regards  the  more  specific  diseases,  the  injurious 
effects  of  deficient  ventilation  are  obvious.  Crowding 
in  a  common  atmosphere  has  long  been  known  to  be 
disastrous  in  typhus  and  erysipelas,  and  more  recent 
experience  has  established  this  in  respect  of  diphtheria, 
influenza  and  other  maladies,  both  as  regards  trans- 
mission of  infection  and  intensification  of  type,  or 
retardation  of  recovery.  Ventilation  has  greatly 
lessened  phthisis  in  barracks  and  other  institutions, 
and  with  cleanliness  it  has  banished  typhus  from 
prisons,  and  hospital  gangrene  and  erysipelas  from 
hospitals.  The  success  of  the  open-air  treatment  in 
camp  hospitals  and  in  sanatoria  for  phthisis  has  the 
same  significance.  It  is  evident  that  all  diseases 
in  which  the  breath  is  infectious  must  necessarily  be 
more  readily  transmissible  when  the  expired  air  is 
rebreathed  in  a  concentrated  form. 

Apart  from  this  there  is  abundant  evidence  of  the 
gain  in  comfort,  general  health  and  longevity  under 
conditions  of  adequate  fresh  air  supply,  and  conversely 
of  higher  death  rates  (general,  and  from  bronchitis  and 
other  non-specific  causes),  impaired  health,  anaemia, 
headache,  and  depression  among  those  whose  lives 
are  largely  spent  in  ill- ventilated  rooms.  Some  of 
these  effects  are  felt  at  once  by  susceptible  persons  on 
entering  a  room  in  which  others  work  without 
discomfox't,  but  the  precise  relation  between  them  and 
the  several  physical  conditions  which  impurity  of  air 
connotes,  is  not  clear.  Experiments  have  been  made, 
with  conflicting  results,  by  removing  one  or  other  of 
these  conditions  while  leaving  the  rest  to  increase  in 
a  degree  far  beyond  that  met  with  in  practice.  Thus, 
in  experiments  by  Haldane  and  Lorrain  Smith 
carbonic  acid  alone  did  not  appear  to  disturb 
respiration  until  it  had  risen  from  i  ^  ?>Ci^  ^«c^\^  ^^x 
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,0,000 ;  nor  did  diminution  of  oxygen  do  so  until  the 
proportion  had  fallen  fi-ora  21  to  12  per  cent,  of  the 
Bnt  if  COn  be  removed,  the  accumulation  of 
organic  matter,  which  is  usually  regarded  as  the  most 
harmful  factor,  seems  to  produce  little  effect. 
Humidity  alone  cannot  be  held  rcBponsible,  for  it  may 
approach  saturation  even  in  the  open  air.  Haldane  is 
inclined  to  attach  some  importance  to  the  depressing 
influence  of  the  smell  which  accompanies  want  of 
ventilation. 

There  ia,  however,  no  doubt  as  to  their  com- 
bined effect,  and  it  must  be  reraembei'ed  that  experi- 
'inental  conditions  do  not  attempt  to  imitate  those  of 
.daily  life,  in  duration  or  in  attendant  circumstances 
Buoh  as  exercise.  The  one  ia  rather  a  question  of  acute 
poisoning,  the  other  of  chronic  poisoning. 

Air  space. — With  ordinary  appliances,  and  iinder 
the  average  atmospheric  conditions  of  the  climate  of 
England,  the  air  of  a  room  cannot  be  changed  more 
than  about  three  times  ]ier  hour  without  causing  an 
inconvenient  amount  of  draught.  Hence,  in  order  to 
supply  3,000  cubic  feet  of  fresh  air  per  hour,  we  should 
IftVe  an  air-space  for  each  person  of  at  least  1,000  cubic 
ieet.  In  calculating  this,  only  the  available  air-space 
ahould  be  taken  into  account,  deduction  being  made 
for  furniture  and  other  solid  objects.  It  must  be  re- 
membered, too,  that  air  stagnates  in  nooks  and  cornel's, 
and  the  useful  part  of  the  air-apace  is  that  in  which 
the  air  moves  freely.     For  these  and  other  reas' 

ore  difficult  to  provide  for  the  efficient  ventilation 
small  room  than  of  a  large  one,  the  air-space  per 
Jiead  being  the  same  in  each  case ;  but  on  the  other 
"hand  the  tninspiration  through  walls,  ceilings,  and 
'£oora  is  relatively  greater  in  small  rooms,  owing  t 
■Wieir  higher  ratio  of  surfnce  to  air  contents.  The 
|«xtent  and  practical  importance  oi  t\v\a  ^vM\*^wa!0v3Q. 
*  proved  not  only  by  C0„  determmB.twn?.\j'&'(j  "^"J  '^ 
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experience  gained  in  sulphur  fumigation  where  the 
leakage  of  the  gas  is  rapid  and  demonstrable  in  spite 
of  every  precaution  to  prevent  its  escape  through 
openings. 

A  further  reservation  is  necessary.  Above  a 
certain  height  air-space  ceases  to  be  useful,  since  it 
does  not  assist  ventilation ;  and  in  such  circumstances 
increase  in  height  cannot  compensate  for  inadequacy 
in  length  and  breadth,  that  is,  floor-space.  There  may 
be  overcrowding  and  even  suffocation  in  the  open  air. 
It  is  a  common  rule,  in  rooms  of  moderate  size,  to 
disregard  height  above  15  feet  in  calculating  air-space, 
but  the  limit  varies  with  the  floor  area.  In  the  special 
rules  for  certain  dangerous  processes  under  the  Factory 
Act,  the  requirement  of  at  least  400  cubic  feet  of  air- 
space per  head  is  coupled  with  a  condition  that  height 
above  14  feet  is  not  to  be  taken  into  account.  In 
hospitals  and  schools  there  is  a  standard  of  floor-space 
per  bed,  apart  from  mere  cubic  capacity. 

Average  Results  of  Analyses  of  Air  in  Sleeping  Rooms  be- 
tween 12.30  AND  4.30  A.M.  {Carnelley^  Haldane,  and  Anderson,) 


-—^ 

1 

..     .    1 

Cubic  Feet  per 
Hea,d. 

Tempera- 
ture 
(Fa-hrenheit. 

Carbonic 

Acid  per 

1,000  vols. 

Organic 
Matter  (vols, 
of  Oxygen  re- 
quired per 
million   vols, 
of  air). 

Microbes 
per  litre. 

100-180     . 

55° 

M5 

151 

80 

180-260     . 

54° 

1-07 

151 

49 

260-340     . 

53° 

1-03 

11-8 

32 

340-500     . 

57° 

0-92 

8-4 

42 

600-1,000  . 

54° 

0-86 

5-6 

6 

1,000-2,500 . 

53° 

0-67 

3-9 

9 

2,500-4,000  . 

57** 

0-79 

50 

13 

The  experiments  summarised  above  were  made  in 
Dundee.     They  tend  to  show  that  about  1,000  cubic 
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feet  per  head  are  sufficient,  and,  indeed,  the  impuri- 
ties were  somewhat  greater  when  very  large  space 
was  provided,  owing  probably  to  imperfect  ventilation. 
The  same  observers  compared  houses  of  one,  two, 
three,  and  four  rooms,  in  regard  to  impurity  of  air  and 
mortality  from  different  causes  among  the  inmates. 
They  found  that  the  smaller  the  tenement  the 
greater  was  the  impurity  of  the  air,  as  shown  by 
increase  of  carbonic  acid,  microbes,  and  organic 
matter.  The  death-rate  increased  in  like  manner, 
and  especially  among  children.  Comparing  one-roomed 
with  four-roomed  houses,  the  general  death-rate  was 
doubled,  and  the  death-rate  at  ages  below  five  years 
quadrupled.  The  increase  was  most  marked  in 
diarrhoea,  measles,  whooping  cough,  bronchitis,  and 
pneumonia.  The  same  general  conclusions  are  well 
illustrated  in  the  following  table  : — 


FlNSBURY. 

Death  Rates  (per  1,000  living). 

1903-4. 

Size  of 
Tenements 
(Number  of 

Census   All  Causes. 

Popu-  ' 

lation, 

Principal 

Zymotic 

Diseases. 

Phthisis. 

Respira- 
tory di8ea.so 
(fixcluding 
rhtlnsLs). 

Rooms). 

1901.  . 

1  1903. 

1901. 

1903. 

6-6 
3-8 
1-8 
0-64 

1904. 

1908. 

1904. 

1903. 

1904 

One     . . 

Two    .. 

Three 

Four  or  more 

1 

14,616  '  38-9 
31,482  1   22-6 
21,280  1   11-7 
88,185       6-0 

40-6 

21-9 

14-7 

7-5 

6-1 
4-1 
21 
0-1 

4-5 
2-8 
1-2 
0-63 

4-5 
2-2 
2-3 
1-2 

2-6 

9-3 
5-3 
2-4 
0-84 

9-8 
4-9 
3-4 
1-4 

The  Borough 

1 
101,463    19-6 

211 

2'6 

2-8 

2-2 

8-9 

4-8 

The  actual  air-space  obtained  in  practice  frequently 
falls  very  far  short  of  1,000  cubic  feet  per  head,  even 
in  large  private  houses.  In  registered  common 
lodging-houses  the  minimum  is  usually  300  cubic  feet 
per  head,  but  varies  according  to  the  regulations  of  the 
different    local    authorities,    and     in    working-class 


i86  Hygiene  and  Public  Health,    [Chap.vi. 

dwellings  it  is  frequently  much  less  still.  The 
London  Education  Committee  require  120  cubic 
feet  per  head  as  a  minimum  in  primary  schools 
(96  cubic  feet  in  infant  schools).  The  lowest  standard 
expressly  sanctioned  by  law  is  that  for  canal-boats, 
namely,  60  cubic  feet  per  head  for  adults,  and 
40  for  children.  It  is  important  to  bear  in 
mind  that  air-space  is  chiefly  valuable  as  making 
ventilation  possible  without  "  draught,"  and  not  as  a 
store  of  fresh  air.  The  foul  air  of  an  average  English 
bedroom  in  the  morning  is  a  proof  that  proper 
ventilation  has  not  been  provided,  whatever  the  mag- 
nitude of  the  cubic  space.  No  bedroom,  however 
large,  ever  contains  a  sufficient  supply  of  fresh  air 
for  the  night,  bat  the  larger  the  room  the  more  readily 
can  efficient  ventilation  be  contrived.  A  thousand 
cubic  feet  of  space  per  person  is  ample,  if  the  air  is 
changed  three  times  per  hour,  but  in  itself  a  thousand 
cubic  feet  of  air  is  a  sufficient  supply  for  one  person 
for  twenty  minutes  only,  if  the  CO3  is  to  be  kept 
down  to  0*6  per  1,000. 

The  objection  to  draught  is  largely  dependent  upon 
its  chilling  effect,  so  that  in  hot  weather,  or  when  the 
fresh  air  is  warmed  artificially,  the  air  of  a  room  may 
be  changed  more  rapidly  than  three  times  an  hour, 
and  in  that  case  a  somewhat  smaller  cubic  space  may 
be  sufficient. 

Although  the  carbonic  acid  of  expired  air  diffuses 
readily,  the  organic  matter  is  less  volatile,  and 
hangs  about  in  invisible  clouds  unless  dissipated  by 
local  currents.  Hence  the  composition  of  air  in  an 
occupied  room  is  not  uniform,  even  at  the  same  level, 
though  for  practical  purposes  it  may  usually  be 
assumed  to  be  so.  In  a  large  room  occupied  by  many 
persons  both  the  local  currents  and  the  foci  of  poUu- 
tion  are  numerous,  so  that  the  composition  of  the 
&ir  is   much    more   uniform   tliaii  m  a  §»w\^V  ^owsi 


tot 


Natural   Vf.ktii.atiok.  187 

lupied  by  one  person.  If  from  tiny  cause  the 
passing  out  of  the  room  is  not  tlie  moBt  impure, 
'r  will  be  found  to  exceed  the  theo- 
ical  degree  of  impurity.  The  outlet  should  be  at 
the  liighest  point,  since  expired  air,  being 
and  moist,*  is  lighter  thau  ordinary  air,  and 
inds  at  first  to  the  upper  part  of  the  room. 
The  fresh-air  inlets  should  be  arranged  as  far  as 
lible  so  as  to  avoid  draughts  iinpiugiag  upon  the 
ipants,  to  secure  diffusion  of  the  current,  and  to 
interact  the  tendency  of  the  fresh  air  (if  cool)  to 
sink  to  the  lowest  leveL  Tiiis  may  be  effected  by 
giving  it  an  iipward  direction  on  entering,  so  that 
before  descending  it  mixes  with  the  air  of  the  room. 

In  measuring  a  room  for  the  purpose  of  calculating 
tbe  air-space,  recesses  and  projections  may  be  taken 
separately,  and  then  added  to  or  deducted  from  the 
total.  A  similai'  procedure  will  obviate  any  difficulty 
*  laaes  where  the  ceiling  is  not  horizontal  throughout,  f 
The  ventilation  of  a  room  or  building  may  be 
'natural "  or  "  artificial,"  the  latter  term  being 
■applied  to  mechanical  means  for  extraction  or  pro- 
pulsion of  air,  and  the  former  to  all  other  forms  of 
ventilation. 

nratoral  ventilation  is  dependent  upon  wind, 
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upon  local  currents  due  to  differences  betweeD  in- 
ternal and  external  temperatures,  and  still  more  upon 
local  currents  determined  by  artificial  heat,  as  in 
chimneys  or  ventilating  gas-lights,  although  these  last 
may  perhaps  more  properly  be  considered  as  artificial 
means  of  ventilation. 

Air  finds  its  way  into  a  room  "by  the  doors  and  windows, 
however  close-fitting,  and  to  a  less  extent  thfougli  brick  or 
stone  walls,  ceilings  and  floors.  These  leakages  are  very  small 
if  a  proper  fresh-air  inlet  has  been  provided.  Such  inlets  may 
be  window  openings,  or  ventilating  fire-places  or  stoves,  or 
special  openings  (ventilators).  Windows  should  be  made  to 
^  open  at  top  and  bottom,  but  it  is  desirable  to  have  in  addition 
some  means  of  admitting  air  at  all  seasons  without  draught. 
This  may  be  done  by  having  double  windows,  or  one  or  more 
double  panes,  and  providing  an  opening  at  the  bottom  of  the 
outer  and  at  the  top  of  the  inner  one,  so  as  to  admit  fresh  air 
in  an  upward  current.  Louvred  panes  and  several  modifica- 
tions of  ''hit-and-miss"  ventilators  are  also  available.  A 
simple  and  effectual  device  (Hinckes-Bird's)  is  to  place  a  board 
beneath  the  lower  sash,  propping  it  up  and  filling  in  the  space 
below  while  providing  a  way  for  an  upward  indraught  between 
the  two  sashes.  Another  plan  is  for  the  upper  part  of  the 
window  to  be  hinged  below,  so  as  to  fall  forward  and  admit  air 
into  the  room  as  by  a  Sheringham  valve. 

Ventilating  fire-places  have  an  air-chamber  at  the  back  of 
the  grate,  heated  by  the  fire.  Fresh  air  brought  by  a  pipe 
from  outside  is  warmed  in  the  hot  chamber,  and  then  passes 
into  the  room.  There  are  many  varieties,  among  which 
Galton's  is  the  earliest  and  one  of  the  best.  Ventilating  stoves 
are  in  use,  the  fresh  air  entering  through  a  coiled  pipe  exposed 
to  the  heat  of  the  stove. 

Special  ventilators  (Fig.  7)  are  of  vdried  types,  from  simple 
openings  through  the  wall  to  the  most  complex  arrangements. 
Perforated  bricks  cause  little  draught,  the  holes  being  conical 
with  the  wider  ends  inside,  so  that  the  air  stream  slackens  as  it 
passes  through  the  wall,  and  is  diffused  upon  entering  the  room. 
Sheringham^ 8  ventilator  is  a  small  vertical  flap  door  in  the  wall 
near  the  ceiling,  balanced  by  a  counterpoise  and  hinged  below 
so  as  to  fall  forward  towards  the  room  ;  it  is  cased  in  at  the 
sides  and  front  so  that  the  current  can  only  pass  upwards. 
Tobin^s  vejitilator  insists  of  a  large  upright  tube  rising  five 
feet  or  more  from  the  floor ;  fresh  air  from  outside  passes  up 
tAi's  tube  and  into  the  room.     Tentilatiug  cormces  imc^  TasAa, 
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■Hng  of  tk  doable  chaonel  of  peifontted  metal,  cold  fresh 
■ir  being  brought  into  the  room  by  the  lower  channel,  and 
lituted  air  being  received  into  the  upper  channel  and  carried 
to  Uie  ohunney  or  other  outlet ;  another  plan  is  to  oairy  a  per- 
tomted  inlet  tnbe  along  the  cornice  on  three  sides  of  the  room, 
^pv^  ■  rimilorly  perforated  outlet  tube  along-  the  fourth  9idi'. 
A  hollow  perforated  metal  boam,  intenupted  bf  a  diaphragm 
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at  the  centre,  may  be  taken  noroes  the  room,  one-half  eerving  us 
an  icdet  and  tbe  other  as  an  outlet,  according  to  the  direction 
ol  the  wind.  IfcSiniiell'!  vsntilntor  coneisfa  of  a  larger  outer 
and  a  smaller  inner  tiibe,  carried  upivarde  through  the  ceiling ; 
fresh  air  paaaea  in  betweon  tlie  tuhoB,  and  ia  dispersed  on 
entering  the  room  by  a  horizontal  flange  upon  the  inner  tube  ; 
the  inner  tube,  which  is  equ»l  in  sectional  Broa  to  the  inlet,  and 
projects  beyond  the  other  both  above  and  below,  carriea  off 

a  pure  air,    AaotheT  device  is  a  vBrticti\  atialt  4w\Aei\cnMp.- 
iaailf  into   two  or  four   separate   cVianWiVa,  sioti^  ■•'ViJn. 
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currents  in  opposite  directions  will  always  establish  themselves. 
Workrooms  may  be  ventilated  by  means  of  a  perforated  ceiling 
of  zinc  or  paper,  over  which  is  a  chamber  open  to  the  outer  air 
on  every  siae.  An  open-tiled  roof,  or  one  not  underdrawn, 
allows  much  ventilation. 

Some  of  the  preceding  are  intended  to  act  as  inlets,  but  all 
are  liable  to  become  outlets.  Other  kinds  of  ventilators  are, 
like  chimneys,  designed  as  outlets  only.  An  opening  may  bo 
made  from  the  room  into  the  chimney  near  the  ceiling,  reflux 
of  smoke  being  prevented  by  a  number  of  little  valves  of  mica 
(Boyle^s  valves)  which,  in  the  absence  of  up-current,  close  by 
their  own  weight,  owing  to  the  forward  tilt  of  the  latticed 
framework  to  which  they  are  attached.  Ventilating  gas-lights 
are  made,  in  which  the  products  of  combustion  are  collected  by 
means  of  a  bell  cover  or  glass  globe,  and  conveyed  away  by  a 
tube ;  this  tube  can  be  surrounded  by  a  larger  one,  and  the 
heated  space  between  the  two  made  to  act  as  a  further  extrac- 
tion shaft.  A  similar  use  may  be  made  of  chimneys,  the  smoke 
being  contained  in  a  central  metal  tube,  leaving  a  heated  air- 
space all  around  it,  which  serves  for  extraction.  Or  outlet 
pipes  from  the  higher  part  of  the  room  may  be  carried  upwards 
for  some  distance  in  or  close  to  the  chimney  so  as  to  utilise  its 
heat  in  promoting  an  up-current.  Extraction  tubes  may  of 
course  be  carried  from  any  part  of  the  room,  with  or  without 
taking  advantage  of  these  various  convenient  sources  of  heat, 
and  they  may  be  provided  with  cowls. 

The  size  of  openings  required  for  the  efficient  ventilation  of 
an  occupied  room  under  average  conditions  is  about  48  square 
inches  per  heady  namely,  24  as  inlet  and  24  aS  outlet,  but, 
according  to  Parkes,  no  single  inlet  should  exceed  60  and  no 
outlet  144  square  inches. 

Supplies  of  fresh  air  should  be  taken  from  suitable 
points  free  from  risk  of  contamination,  and,  if  neces- 
sary, the  air  may  be  screened  through  metal  gratings, 
canvas,  cotton  wool,  &c.  It  may  be  washed  by  passing 
it  through  spray  or  a  film  of  water,  or  by  being  made  to 
impinge  upon  a  tray  containing  water,  and  it  may  be 
warmed  by  means  of  ventilating  fire-places  or  stoves, 
or  by  coils  of  hot-water  or  steam  tubes  at  the  inlet.  If 
warmed,  there  is  advantage  in  introducing  fresh  air 
at  or  near  the  floor  level ;  but  if  cold,  it  is  necessary 
to  avoid  draughts  which  might  impinge  upon  any 
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person  in  the  room,  and  therefore  the  nir  is  delivered 
at  a  higher  level  and  with  an  upward  direction. 

Outlets  should  be  aa  near  the  chimney  as  possible  ; 
the  air  in  that  part  is  the  warmest,  as  well  as  the  most 

Qapiire,  so  that  the  worst  air  is  removed  with  the 

""     '        a  velocity. 


^ngapiire, 
^■■luimiu 


^  Any  taroraelric  pruasure  P  mftj  bo  regarded  as  produced,  hy 
IliB  weight  of  a  column  of  air  of  tmiform  density  and  of  height  H. 
"  Montgolfieir'a  Rule"  affirms  that  air  under  preiwure  nill  rutih 
into  a  vacuum  with  a  volocit)-  equal  to  that  acquired  by  a  body 
falling  from  the  corresponding  height  H,  which  velocity  maj 
he  determined  by  tho  formula  Vj  :=  Z;H,  g  heing  the  acceler- 
ation due  to  gravity  (32'18  feet  per  second),  and  V  thn  velocity 
required.  Thus  under  slandam  conditions  of  barometer  and 
thermCFmetar  H  \s  about  S  milea,  or  2B,400  feat,  so  that  V,=2 
n  33-18  X  26.400,  and  V  =  about  1,300  feet  pat  second. 

If,  however,  the  air  under  preaaure  P  passes  not  into  a 
vacaum  but  into  apace  conlaining  air  under  a  Ion  preaaure  p, 
the  formula  reqnires  modification,  tho  velocity  being  dependent 
upon  tbo  difference  between  P  and  p.  It  becomes  necnesary  to 
calcnlate  the  huight  A  of  a  uniform  column  of  air  (oF  the  same 
Btundard  of  density  as  was  adopted  in  determining  H],  which 
would  give  the  presiura  p. 

The  formula  then  becoroea  V,  ^=  ig  (H-A) ,  and  in  this  form 
it  is  applicable  to  probloms  of  ventilation. 

For  example,  it  may  ho  required  to  determine  the 
Hiaoretieal  velocity  of  updraught  in  a  vertical"  flue  x  foot  long, 
leading  from  a  room  containing  air  at  a  tumperature  C  into  tho 
open  air  of  lower  lemperatute  1".  An  inlet  for  cold  air  is 
preauppoeed.  The  column  of  heated  air  in  ths  flue  may  be 
regarded  as  balanced  against  an  equally  high  column  of  cold 
air  outside  in  a  sort  of  U-tube  ;  and  as  yielding  to  the  greater 
weight  of  the  colder  and  less  rarefied  column,  and  the  {equal) 
weigbta  at  these  two  columna  correspond  to  P  and  p.  The 
3  at  the  level  of  the  top  of  the  flue  may  be 
aHects  both  calumna  alifca.      Then  taking 

doiaity  oE  the  outside  air  as  the  standard,  the  height  x  may 

[But  for  H  in  the  formula,  and  it  only  remains  to  determine 

^&a  height  of  the  heated  column  when  reduced  to  the  same 

■tandard  density.    Air  ospands  with  heat  to  ibe  extent  of  -002 

■  The  vfftieal  hciuht  only  must  be  taken,  even  if  the  oouno  of 
Uie  flue  ia  oblique  or  bent. 


weigh 
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of  its  volump  for  each  degree  Fahr.,*  and  hence  1  volume  at 
T*  hecomes,  at  f,  1  +  -002  (M?),  so  that  the  column  of  hot  air 

of  height  X  at  f  corresponds  to  a  height  x  x  1  4.  .002  it  —  T\ 
at  the  standard  temperature  T.  This,  then,  is  the  value  of  A,  and 

_^=  =  'K*"''^+-002(<-T))- 

Since   ^J^g  is  approximately  8*0,  the  formula  may  conveniently 
be  written. 


=  8  A  A- 

V  1  +  .( 


X 


+  •002  (^-T) 

If,  as  an  example,  the  external  and  internal  temperatures  are 
respectively  40**  F.  and  60"  F.,  and  the  height  of  the  flue  20 
fee^ 


=  8  a/ 20 


20 


+  -002  (60-40) 

Hence  the  theoretical  velocity  of  draught  is  7*1  feet  per  second, 
and  this  multiplied  by  the  sectional  area  of  the  flue  gives  the 
number  of  cubic  feet  discharged  per  second. 

Hie  theoretical  velocity  is  subject  to  correction  for  friction, 
which  varies  directly  as  the  length  of  the  tube  L  and  the 
square  of  the  velocity,  and  inversely  as  the  diameter  D,  that  is 

Y  L 
as    Y?    •    In  practice  an  allowance  of  J,  or  even  §,  has  to  be 

made  for  friction,  which  is  also  increased  by  angles  in  the 
course  of  the  flue. 

The  following  formula  by  De  Chaumont  is  convenient  for 
ascertaining  the  relation  between  the  size  of  the  opening  and 
the  hourly  delivery  of  air : — 

D  =  200  X  *  X  ^y-002  X  a;  X  (^-  T), 
where  D  =  delivery  of  air,  in  cubic  feet  per  hour, 

♦  =:  the  sectional  area  of  the  tube,  or  of  the  inlet  or 

outlet,  in  square  inches, 
X  =  height  of  heated  column  of  air,  in  feet, 
t  and  T  =  the  internal  and  external  temperatures  re- 
spectively. 

Thus,  if  the  heated  column  be  20  feet  in  height,  the  internal 
and  external  temperatures  60*^  F.  and  40®  F.,  and  the  required 

*  Strictly  speaking,  this  is  accurate  only  when  T=:32"  F.,  but 
the  error  is  immaterial  for  the  present  purpose. 
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Lverjr  6,000  feet  per  hour,  the  fonnula  will  give  the  Beotioniil 

-  nBccBsar; : — 

6000  =  200  41  y-002  X  20  X  (60  -  40), 
i)j  ^  33ofi  square  inches. 

The  linear  Telocity   with  which    air  passes  throagli  an 

~,iDj;  may  also  Lo  duLenuined  experimentally  by  an 
\tmitrr,  which  ghonld  be  placed,  not  at  the  centre,  but 
Aoat  4  o'  the  diamstcr  from  the  side  of  the  opening,  ho  aa 
to  obtain  the  mean  volacitr.  Vary  delicate  anemometeni  are 
made,  conniiitiiig  of  four  light  metal  vanes  mounted  obliquely 
upon  a  common  axis,  the  revolutions  of  vhich  nre  indicated 
antomnticatly  npon  dials.  The  reg-lstcringf  apparatus  can  be 
thrown  in  or  oat  oF  gear  by  a  Bjiring  citch,  while  the  vanes  are 
revolving,  so  that  the  time  can  ho  determined  accurately.  Ilia 
linear  movement  observed  during  an(>  minute,  ur  Ibhb,  is  readily 
converted  into  velocity  per  hour  or  second,  and  this,  multiplied 
by  the  ftectionat  area  of  the  opening,  gives  the  cubic  dischnrge. 

Anlflcial  ventilHtJon  involves  either  propul- 
extrarotion  of  air,  the  establishment  of  a  ^/enurn 
TOOin  to  be  ventilated.  Fresh  air 
may  be  driven  into  a  room  or  building  by  revolving 
fajiB  or  other  motors  ;  vitiated  air  may  bo  extracted  by 
means  of  f&ns,  st«im  jets,  or  a  heated  outlet  shaft. 
The  fans  used  for  the  purpose  have  vanea  set  obliquely 
upon  a  rapidly  I'evolving  axis,  and  work  in  n  closed 
box  or  tube  so  aa  tu  propel  a  constant  current  of  air 
of  any  required  volume  and  velocity,  somewhat  after 
the  manner  of  an  Archimedean  screw.  Steatn  allowed 
to  escape  in  a  powerful  jet  into  a  fine  is  cajiable  of 
carrying  with  it  200  times  its  own  volume  of  air.  Gas 
burnt  at  the  foot  of  an  extraction  shaft  may  be  made 
to  carry  off  a  thousand  times  its  own  volume  of  air. 

Iloat  is  by  far  the  most  generally  employed  motive 
power.  Ordinary  fire-places,  chimneys,  and  venti- 
lating gaa-lighta  act  in  this  way.  Special  extraction 
shafts,  with  gaa  jeta  or  furnaces  at  the  bottom,  are 
common.  Mines  are  ventilated  by  means  of  a  furnace 
at  the  foot  of  the  upcast  shaft,  air  being  drawn  down 
■Bother  shaft  and  made  to  traverse  the  whole  of  the 


k       Arilflf 

Kbmorext 
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workings  on  its  way  to  the  upcast.  A  similar  plan 
is  adopted  in  steamers,  the  upcast  being  a  space 
around  the  funnel  and  boilers,  a  contrivance  which 
has  been  applied  also  to  house  chimneys  by  confining 
the  smoke,  etc.,  to  an  iron  tube  passing  up  in  the 
centre  of  the  chimney  shaft.  Extraction  is  necessary 
where  dust  and  fumes  have  to  be  drawn  away  at  the 
point  of  origin,  but  is  attended  with  some  disadvantage 
from"  the  difficulty  of  controlling  the  sources  from 
which  the  supplies  of  fresh  air  are  drawn,  since  it 
rushes  in  through  all  available  openings.  Provision 
may,  however,  be  made  at  suitable  points  for  free 
admission  of  pure  air,  which  may  be  warmed,  cooled, 
moistened,  washed,  or  screened,  as  it  enters.  When 
propulsion  is  adopted,  the  air  is  taken  from  one 
source  only,  and,  being  more  under  control,  is  more 
readily  subjected  to  such  heating  or  other  treatment 
as  may  be  needed. 

The  advantages  of  artificial  ventilation  are  its 
constancy  under  all  conditions  and  the  facilities  which 
it  aftbrds  for  regulating  the  source  and  amount  of 
fresh  air,  and  the  preparatory  treatment  as  to  tem- 
perature, moisture,  and  purification.  Natural  venti- 
lation is,  of  course,  less  costly,  but  is  inconveniently 
subject  to  atmospheric  conditions,  and  is  inadequate 
for  theatres,  schools,  and  other  large  crowded  build- 
ings. The  following  averages  are  based  upon  a 
number  of  observations  (18  to  39)  in  schools  by 
Carnelley,  Haldane,  and  Anderson. 


Natural 

Mechanical 

Ventilation. 

Ventilation. 

Per  cent,  of  windows  open 

22 

3 

Cubic  feet  of  air  space,  per  head     . 

168 

164 

Temperature 

55-6"  F. 

62^, 

Carbonic  acid  (per  1,000  vols.) 

18-6 

12-3 

Organic  matter  (vols,  of  oxygen  re- 

quired per  million  vols,  of  air) 

16-2 

10-1 

Microbes  (per  litre)  .... 

1             1&^ 

\           \^'^ 
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The  difference  is  still  more  striking  if  only  the 
excess  over  the  impurities  present  in  outside  air  is 
taken  into  consideration.  It  was  found  that  mechanical 
ventilation  kept  the  composition  of  the  air  fairly  con- 
stant in  all  parts  of  the  room,  while  natural  ventilation 
often  alloweid  of  local  stagnation. 

In  an  ordinary  room  the  chimney  is  the  most 
important  outlet  when  a  fire  is  burning,  air  passing  up 
with  an  average  velocity  of  4  or  5  feet  per  second. 
In  the  absence  of  a  fire  the  chimney  still  acts  in  some 
degree  as  an  upcast,  and  ought  on  no  account  to  be 
closed,  unless  a  downward  current  establishes  itself 
temporarily,  and  causes  annoyance  by  its  sooty  smell. 

Unarming:  is  closely  connected  with  ventilation. 
The  principal  methods  in  use  may  be  classed  as  open 
fires,  closed  fires  and  stoves,  hot  air,  and  pipes  con- 
taining hot  water  or  steam.  Some  of  these  heat  the 
room  by  radiation,  warming  the  surfaces  while  leaving 
the  air  in  it  cool ;  some  by  convection,  warming  the 
air  of  the  room  and  thus  making  it  drier ;  some  in 
both  ways.  Again,  some  (e.g,  open  fires)  carry  off 
large  volumes  of  air  besides  their  own  products  of 
combustion,  some  (e,g,  gas  or  other  stoves)  only 
little ;  some  (hot  pipes)  none  at  all ;  while  others,  and 
especially  fender  stoves,  do  not  ventilate  but  add  to 
the  impurity  of  the  air. 

Ordinary  open  lires  are  extravagant  in  regard 
to  fuel,  and  it  is  estimated  that  only  about  one-eighth 
part  of  the  potential  heat  is  utilised  in  warming  the 
room,  the  rest  being  lost  in  unconsumed  smoke  and 
cinder,  and  in  the  hot  gases  passing  up  the  chimney. 
The  heating  effect  is  very  unequal  in  different  parts  of 
the  room,  being  chiefly  confined  to  the  vicinity  of  the 
grate,  and  cold  currents  pass  along  the  floor.  They 
are,  however,  most  effective  ventilators,  and  present  a 
more  cheerful  appearance  than  stoves  or  hot  pipes. 

The  principal  practicsi-l  points  in  regard  to  the 
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construction  of  open  fire  grates  are  summarised 
by  Teale  as  follows  : — (1)  use  as  much  firebrick  and 
as  little  iron  as  possible ;  (2)  the  back  and  sides 
should  be  made  of  firebrick  ;  (3)  the  back  of  the  fire- 
place should  lean  over  the  fire,  the  "  throat "  of  the 
chimney  should  be  contracted  \  (4)  the  bottom  of  the 
fire  should  be  deep  from  before  back  ;  (5)  the  slits  in 
the  bottom  grating  should  be  narrow ;  (6)  the  bars  in 
front  should  be  narrow ;  (7)  the  space  beneath  the 
fire  should  he  closed  in  front  by  a  close-fitting 
iron  shield,  or  "  economiser,"  thus  excluding  cold  air 
almost  completely  from  the  bottom  of  the  fire,  so  that 
the  fuel  as  it  sinks  is  entirely  burnt  up,  leaving 
only  a  fine  ash,  which  drops  into  the  space  beneath. 
Another  means  of  preventing  waste  of  fuel  is  to 
make  the  bottom  of  the  grate  of  solid  fire-clay,  as 
in  the  various  "  slow  combustion ''  grates ;  and  the  same 
principle  may  be  applied  to  ordinary  grates  by  laying 
an  iron  plate  upon  the  bars  at  the  bottom  of  the 
grate. 

Coke  is  the  residue,  consisting  almost  entirely 
of  carbon  and  mineral  ash,  left  in  the  retorts  when 
all  the  combustible  gases  have  been  driven  off  by 
heat  in  the  process  of  gas-making.  It  is  smokeless 
and  less  costly  than  coal,  but  it  is  difficult  to  light, 
and  makes  a  dull  fire.  The  prevention  of  smoke,  and 
the  complete  utilisation  of  the  gases  and  other  products 
obtainable  from  coal  by  distillation,  are  important 
public  advantages. 

Oas-lires  have  much  of  the  bright  and  attractive 
appearance  of  open  fires.  The  gas  is  mingled  with  a  con- 
siderable volume  of  air  before  ignition,  as  in  a  Bunsen 
burner,  and  the  intensely  hot  but  non-luminous  flame 
impinges  upon  pieces  of  asbestos  or  iron,  which  become 
red  or  white-hot,  giving  out  light  and  heat.  Simpler 
forms  are  also  made  with  ordinary  luminous  burners,  , 
the  light  and  heat  from  which  axe  \\vyo^xv  iot^?^^  Vsy    j|| 
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metal  reflectors;  oil-stoves  are  made  on  the  same 
principle.  In  any  case  an  adequate  flue  to  carry  off 
the  fames  is  essential.*  A  gas-fire  burns  from  ten  to 
twenty,  or  more,  cubic  feet  per  hour.  It  is  economical 
and  cleanly  in  use,  creates  no  smoke,  and  can  be 
lighted,  extinguished,  or  regulated  in  a  moment. 
Ventilating  gas-stoves  are  made,  but  the  ordinary 
gas-fire,  unless  it  be  composed  of  incandescent  frag- 
ments of  asbestos  in  an  open  grate,  is  less  effectual 
than  an  open  fire  in  promoting  ventilation.  If  the  flue 
is  too  small,  as  is  very  often  the  case,  the  air  becomes 
dry  and  oppressive,  and  there  is  risk  of  carbonic 
oxide  escaping. 

Stoves  for  coal  and  coke,  as  used  in  England, 
ore  commonly  made  of  cast  iron,  the  smoke  and 
products  of  combustion  l)eing  conducted  by  an  iron 
flae  to  the  chimney,  or  to  the  outside  air.  The 
fire  may  be  more  or  less  open,  or  hidden  from  sight, 
bat  in  any  case  the  waste  of  heat  is  less  than  in 
ordinary  fire-places,  the  sides  of  the  stove  and  also  the 
flae  contributing  to  the  heating  power.  As  a  means 
of  extraction  of  vitiated  air  a  stove  is  inferior  to  the 
ordinary  open  fire,  although  there  is  no  difficulty 
in  utilising  the  hot  flue  for  the  purpose  of  pro- 
ducing an  up-current  in  a  chimney.  There  are  also 
many  forms  of  ventilating  stoves,  fresh  air  being 
brought  in  through  special  pipes,  which  in  their 
coarse  are  exposed  to  the  heat  of  the  stove ;  in  the 
"Calorigen"  a  coil  of  the  fresh  air  inlet  pipe  is 
placed  inside  the  stove.  Stoves  tend  to  make  the 
air  hot  and  dry,  an  objection  which  may  be  met  by 
l^acing  vessels  of  water  upon  them.  A  more  serious 
difficulty  is  a  burnt  smell  which  is  apt  to  result  from 
thair  use,  and  a  tendency  to  give  off  carbonic  oxide, 

•  The  eODsninption  ofg&a  in  rehitivvXy  larj^e  and  not  \\\\\\\Ai<V\jo \\o\vca 
iHMilaiess.    Besides  COo,  sulphur  acids  and  traces  of  caiboiuc  ox\v\ft  vw:*i 
tau  off:     The  coudensHtUm  of  fumea,  wliicli  is  claiiucd  tox  aouwi  ^a 
fmigMt  best  only  partial 
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the  source  of  which  is  a  matter  of  some  doubt.  It 
has  been  attributed  to  oxidation  of  the  organic  matter 
in  the  air  by  contact  with  the  heated  iron,  this  being 
also  assigned  as  the  cause  of  the  burnt  smell.  Oxida- 
tion of  the  carbon  in  the  cast  iron  is  another  suggested 
explanation,  and  it  has  been  found  experimentally 
that  red-hot  cast  iron  is  pervious  to  carbonic  oxide, 
and  even  reduces  carbonic  acid  to  carbonic  oxide,  so 
that  the  gas  found  in  the  room  may  originate  in  the 
fire  itself.  Wrought  iron  offers  far  greater  resistance. 
The  joints,  both  of  the  stove  and  the  flue,  should  be 
made  strong  and  air-tight,  and  in  order  to  minimise 
the  risk  of  giving  off  carbonic  oxide,  it  is  desirable  to 
line  the  stove  with  fire-clay,  to  coat  it  with  silicate, 
or  to  use  earthenware  or  wrought  iron  in  place  of 
cast  iron.  Stoves  can  only  be  approved  from  a 
sanitary  point  of  view  if  they  (a)  are  provided  with 
proper  chimneys  ;  (6)  are  of  such  a  pattern  that  they 
cannot  become  red-hot,  or  otherwise  contaminate  the 
air ;  and  (c)  are  supplied  with  fresh  air  directly  from 
the  outside. 

Hot  air  is  advocated  by  some  authorities  as  the 
best  mode  of  warming  houses,  as  well  as  public 
buildings.  This  may  be  done  upon  the  large  scale  by 
warming  the  fresh  air  in  the  basement,  and  conveying 
it  thence  to  all  parts  of  the  house  along  the  passages 
or  by  special  channels.  The  same  end  is  attained  in 
some  degree  by  placing  a  stove  or  fire-place  in  the  hall. 
Warm  air  may  be  supplied  to  single  rooms  by  the 
ventilating  grates  or  stoves  already  referred  to,  or  by 
allowing  the  fresh  air  to  enter  through  a  coil  of  hot 
pipes.  The  air  can  be  moistened,  and,  if  need  be, 
purified  by  filtration  or  washing.  Warming  can  also 
be  effected  by  means  of  hot  water  or  steam 
circulating  in  a  system  of  closed  pipes.  The  pipes 
may  be  carried  round  one  or  more  sides  of  a  room, 
near  the  floor,   either  open,  or  concealed   behind   a 
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gkirtiiig-board.  Several  turns  or  coils  may  be  used 
at  points  where  more  heating  power  is  requii'ed,  and 
it  is  oonvenient  to  warm  the  fresh-air  at  the  inlets  by 
the  same  means. 

Hot  water  is  usually  employed  for  heating  pur- 
poses at  a  temperature  below  212°  Fahr.  The  circula- 
tion is  dependent  upon  the  water  being  hotter,  and 
therefore  lighter,  in  the  tube .  through  which  it  leaves 
the  boiler  than  in  that  which  brings  it  back.  Hence 
the  boiler  is  placed  at  the  lowest  point,  and  the  centri- 
fugal and  centripetal  pipes  are  respectively  connected 
with  the  top  and  bottom  of  the  l)oiler.  A  feeding 
cistern,  and  vents  for  the  escape  of  air  and  steam,  are 
provided  at  the  highest  point.  About  twelve  feet  of 
four-inch  iron  pipe  are  allowed  for  every  thousand 
cubic  feet  of  air-space  to  be  warmed.  The  system 
should  be  so  planned  with  valves  and  connecting 
pipes  as  to  allow  of  "  short-circuiting,"  so  that  the 
heat  may  be  turned  on  or  cut  off  from  any  part  at  will. 

Hot  water  may  also  be  used  imder  pressure  at 
temperatures  considerably  exceeding  212°  Fahr.,  on 
Perkins'  system.  Strong  half-inch  iron  pipes  are  used, 
and  instead  of  a  boiler,  part  of  the  ])ipe  is  carried 
through  the  fire.  Steam  may  be  used  at  high  or  low 
pressure  in  like  manner. 

Inspection  of  houses* — The  following  schedule 
includes  the  principal  points  that  may  require 
attention.  The  headings  are  numerous,  but  are 
meant  to  be  chiefly  suggestive,  so  that  no  impor- 
tant detail  may  be  overlooked.  A  very  few  notes  will 
often  suffice  in  practice.  As  in  all  other  investiga- 
tions, it  is  wise  to  make  explicit  written  notes  on  the 
spot,  and  to  insert  negative  as  well  as  positive  results 
of  inspection. 

AddreM, 
Occupier. 
Owfier. — Name  and  address. 
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Site, — Elevation,  aspect,  slope.     Proximity  to  hills,  valleys, 
watercourses.    Nature  of  soil.     Dryness. 

Surroundings. — House  detached,  semi-detached,  in  a  row, 
back  to  back.  Access  of  light  and  air.  Obstruction  by 
trees,  high  grounds,  or  other  buildings.  Open  space  at 
frontj  back,  sides  [stating  area].  Proximity  [stating 
distance  in  feet]  of  stables,  cow-sneds,  pig-styes,  manure 
heaps,  foul  ditches,  stagnant  water,  offensive  accumula- 
tion, offensive  trades,  or  other  sources  of  effluvia. 
Yard  and  Outbuildings. — Condition  as  to  cleanliness,  paving, 

drainage,  area,  closets,  workshops. 
Foundations. — Damp-proof  course,  diy  area,  banking  of  soil 
against    walls.    Drjrness    of    basement.     Exclusion  of 
ground-air.     Ventilation  of  space  beneath  ground  floor. 
Walls. — ^Materials,  thickness.   Party  walls  carried  up  to  roof  ? 
Dilapidations.     Evidence  of  cUimp  at   any   part;    pro- 
bable source  of  such  damp. 
£oof. — Construction.     Soundness. 

FloorSf  Staircases^  Windows^  Doors,  Ceilings. — Soundness. 
Rooms. — Number  on  each  storey,  including  basement. 
Length,  breadth,  and  height.  "j 

Windows.     Total  window-space.     Space  made  |     «       , 
to  open.     Opening  top  and  bottom  ?  V  j.qqj.,  « 

Other  means  of  ventilation.      Maintenance  of  | 
ventilation.     Chimney  ) 

Heating  Arrangetnents. — Grates,  stoves,  flues.     Hot  water  or 

steam  system.     Boilers,  bath- geysers. 
Drainage — 

Sink  wastes  "]  Construction  and  course   of    waste- 

Bath  wastes  I      pipes. 

Lavatory  wastes  |  Description  and  efficiency  of  traps. 
Floor  gullies        J  Disconnection. 
Soil-pipes.     Construction,  dimensions,  position,  course, 

ventilation. 
Gullies.     Construction  and  trapping. 
Gutters  around  eaves.     Efficiency. 
Rain-pipes.    Course,  trapping,  disconnection,  destination. 

Leakage  ? 
House  drains.     Course,  construction,  dimensions,  grad- 

*A8   regards    sleeping-roonis   in  hasemetit,   or  **  underf^roiind  rooms," 

certain  further  details  are  necessary,  namely,  depth  of  floor  below  level  of 

adjoining  street ;  height  of  room  ;  height  of  ceiling  above  footpath  or 

nearest  ground  adjoining ;    width,  dei)th,  and  lateral  extent  of  area  in 

front ;  depth  of  drain  below  floor  ;  position  of  "window  in  respect  to  steps 

O'f  any)  bridging  across  open  area ;   the  condxUoiva  aa  ^  \fcl\\w^  «lw^ 

'-^cupancy. 
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ients,  ventilation,  means  of  access  (inspection  chamber), 
disconnection  from  sewer  (interceptor).  Flushing, 
cleanliness.  Soundness,  as  tested  by  smoke,  chemical 
test,  or  water.     Drains  under  basement. 

Cesspool  (if  any). — Position,  construction,  dimensions, 
ventilation,  overflow,  watertight. 
Sanitaty  Conveniences. — Number,  position,  cleanliness,  light- 
ing,  ventilation.  If  outdoor,  note  distance  from 
nearest  door  or  window.  If  more  than  one  house 
using  same  closet,  note  the  number.  State  also 
number  of  occupants. 

W.C.,  trough-closet,  slop-closet,  hand-flushed  closet. 
Kind  of  apparatus,  efficiency,  source  of  water-supply, 
sufficiency  of  flush. 

Pail-,  pan-,  tub-,  or  box-closet.  Size  of  receptacle, 
material,  floor-level,  means  of  access,  with  or  without 
ashes  or  other  admixture. 

Privy-midden,  privy  with  cesspit,  earth-closet.     Dimen- 
sions of  receptacle,  relation  oif  floor  to  ground-level, 
materials,  watertight,  covered,  arrjingoment  for  apply- 
ing ashes  or  earth  to  excreta.    Connected  with  sower  ? 
Household  Refuse.  — Moans  of  storage.     Position. 
Scavenging,  — Mode,  frequency,  and  efliciencj'  of  removal  of 
excreta  and  household  refuse.     By  whom  performed. 
Water  Supply. — Public  or  private,  from  mains  (by  tap  or 
stand-pipe),  spring,  stream,  canal,  dip- trough,  well, 
rain-water  cistern ;   distance  from  house,  constancy, 
sufficiency,  purity.     Note  any  obvious  risk  of  pollu- 
tion.    If  from  well,  note  depth,  construction,  lining, 
cover ;  distance  in  feet  of  nearest  possible  source  of 
pollution,  or  filth  accumulation  of  any  kind.     If  from 
cistern,  note  position,  construction,  cover,  cleanliness, 
connection  with  W.  C. ,  discharge  of  overflow  pipe. 
Cleanliness  of  Premises. — Light.     Ventilation.    Cleanliness. 
Anitnals  kept. — Description.    Number.    Where  kept.    Nuis- 
ance resulting. 
Inmates. — Number  of  residents.     Age,   sex,   occupation   of 

each.     Number  of  families;   distinguishing  tenement 

occupied  by  each. 

Number  sleeping  in  each  room,  if  there  is  suspicion  of 
overcrowding.     Number  sleeping  in  basement. 

Houses  vary  as  to  need  of  inspection  according  to 
class  and  kind.  Private  houses  occupied  by  one 
family  presumably  belong  to  persona  ot  «\\^  \»»q^\"5\ 

n* 
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position  and  habits  that  the  house  requires  but  little 
enforcement  of  sanitation.  Houses  let  in  lodgings,  or 
tenement  houses,  on  the  contrary,  require  a  good  deal 
of  supervision.  Houses  of  this  nature  are  such  as  are 
let  out  to  separate  families,  living  each  in  a  separate 
occupancy  of  one  or  more  rooms.  There  is  no 
common  kitchen  or  common  dormitory.  Houses 
let  in  lodgings  are  usually  placed  under  special 
bye-laws  under  which  they  are  registered,  and 
controlled  in  respect  of  occupancy,  overcrowding, 
sanitation,  periodical  cleansing,  etc.  Not  unf requently 
these  houses  were  built  for  use  as  private  dwellings, 
and  have  become  sublet  without  structural  alteration. 
Under  the  Customs  and  Inland  Revenue  Act  of  1890 
the  landlord  of  tenement  dwellings  let  at  rents  not 
exceeding  7s.  6d.  per  week  may  be  exempted  from 
inhabited  house  duty  if  the  medical  officer  of  health 
of  the  district  certifies  the  house  as  sanitarily  fit  for 
the  purposes  to  which  it  is  put.  By  that  Act,  and 
by  bye-laws  for  houses  let  in  lodgings,  a  certain 
amount  of  control  is  exercised. 

Common  Lodging  Houses  are  lodging  houses  pure 
and  simple,  with  living-room,  kitchen  and  dormitory, 
open  to  use  by  all  the  lodgers,  who  are  not  members 
of  the  same  family,  but  are  isolated  persons,  finding 
it  convenient  to  lodge  together.  Artisans^  dimllings, 
such  as  those  under  the  Guinness  Trust,  the  Peabody 
Trust,  etc.,  are  blocks  of  "  model "  dwellings,  not 
different  in  principle,  but  better  in  equipment  than 
houses  let  in  lodgings.  Stable  dwellings  are  tene- 
ments over  stables  in  "mews."  They  are  objection- 
able, owing  to  the  occurrence  of  effluvia  arising  from 
stables,  manure,  etc.,  and  they  generally  have  other 
defects.  Underground  dwellings  are  tenements 
limited  to  basement  rooms,  the  ceiling  of  which  is  not 
higher  than  the  Jevel  of  the  street. 
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E  general  principles  as  to  site,  eurroimdinga, 
struction,  and  drainage  are,   of  course,   the   same   tor 
schools  as  for  moat  other  buildings. 

Dimensions— The  ISoard  of  Education  recom 
mend  that  no  school  should  ordinarily  be  built  to 
accommoda,f«  more  than  1,000  to  1,200  children  in 
three  departments,  and  no  single  department  to 
accommodate  more  than  400  children.  For  depart- 
mts  of  this  size  tlie  most  suitable  plan  is  that  of  a 
EUtntl  hall  (3^— 4  ft.  floor  space  per  scbolar)  with 
_  ifeoiit  7)  class-roonis  grouped  round  it.  Smaller 
departments  may  have  class-rooms  opening  from  a 
corridor.  For  small  schools  a,  large  room  with  one  or 
more  class-rooms  will  be  sufficient.  There  should 
always  be  at  least  one  class-room,  in  addition  to  the 
central  hall,  except  in  special  cases. 

Where  the  site  in  sufficiently  large,  open  and 
fairly  level,  the  most  economical  plan  is  that  of  a 
school  on  a  single  floor,  and  this  is  preferable  on 
educational  grounds.  In  any  case  a  school  building 
should,  preferably,  not  be  on  more  than  two  floors. 

For  older  sclioUrH  the  Board  prescribe  a  minimum 
of  10  sq.  ft.  floor  space  per  scholar.  For  infants 
9  sq.  feet,  unless  there  is  no  corridor  or  central  hall,  in 
which  case  more  than  9  sq.  ft.  isrequiied;  but  120-200 
cubic  ft.  of  air  space  per  pupil  and  15  sq.  ft  of  floor 
space  ia  now  generally  regarded  as  desirable.  The 
Board  has  fixed  a  standard  for  higher  elementary 
schools  of  16  sq.  ft.  per  scholar  if  single  desks  be  used, 
and  1 3  517.  ft  far  dual  desks,  and  foi  Becondax^  %^iMJt& 
JS  sq.  ft 
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Liig^hting* — Every  part  and  corner  of  a  school 
should  be  fully  lighted,  and,  as  far  as  possible,  from 
the  left  side  of  the  scholars ;  all  other  windows  in 
class-rooms  should  be  regarded  as  supplementary  or 
for  ventilation.  Where  left  light  is  impossible,  right 
light  Is  next  best ;  direct  front  light  is  in  no  circum- 
stances approved. 

Windows  should  never  be  provided  for  the  sake 
merely  of  external  effect.  All  kinds  of  glazing  which 
diminish  the  light  and  are  troublesome  to  keep  clean 
and  in  repair  must  be  avoided.  A  large  portion  of 
each  window  should  be  made  to  open  for  ventilation 
and  for  cleaning.  The  sills  of  the  main  lighting 
windows  should  be  not  more  than  4  feet  above  the 
floor ;  the  tops  of  the  windows  should  as  a  rule 
reach  nearly  to  the  ceiling ;  the  upper  portion  may  be 
made  to  swing.  The  ordinary  rules  respecting  hos- 
pitals should  here  be  remembered.  Large  spaces 
between  the  window  heads  and  ceiling  collect  foul  air. 

Skylights  are  objectionable  in  schoolrooms  or 
class-rooms.  They  may  be  allowed  in  central  halls 
having  ridge  or  apex  ventilation.  The  colouring  of 
the  walls,  ceilings,  and  fittings,  and  the  size  and 
position  of  the  windows,  are  especially  important  in 
their  bearing  on  the  eyesight  of  the  children. 

Natural  Ventilation  is  rarely  sufficient  to 
maintain  the  purity  of  the  air  in  schools,  and  artificial 
means,  coupled,  when  necessary,  with  filtration,  warm- 
ing, and  moistening,  are  therefore  desirable  though 
not  always  attainable  in  practice.  Kerr  suggests  a 
limit  of  10  parts  of  COg  per  10,000.  About  2,000 
cubic  feet  of  fresh  air  per  head  per  hour  is  required, 
and  it  should  enter  the  room  at  a  rate  not  exceeding 
5  feet  per  second.  This  is  best  obtained,  as  pointed 
out  by  Camelley  and  Haldane,  by  using  large  low-pres- 
sure fans,  running  at  low  speeds.  It  is  also  desirable 
to  have  exhaust  as  well  as  plenum  fans,  so  that  the 
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r  pressure  in  the  rooms  may  be  kept  low  and  short 
rcuiting  ayoidod.  Whatever  method  of  ventilation 
S  used,  the  design  should  be  such  as  to  allow  large 
toliunes  of  air  to  pa^a  through  the  buildings  from  side 
side  whea  the  windows  are  open.  The  window 
a  should  be  not  less  than  -^-^^  of  the  floor  area  and 
iay  with  advantage  be  \.  When  the  windows  are 
Ibitably  designed,  carried  to  the  ceiling,  easily  opened 
1  the  top,  and  intelligently  used  in  connection  with 
TO  or  more  warm  outlet  flues  or  separate  aiv  chim- 
neys from  the  ceiling  and  floor  level  to  above  the  roof, 
and  there  are  also  lai^e  open  ventilating  fire-grates, 
stoves  and  radiators,  by  which  warmed  fresh  air  is 
_^iidmitted,  clasa-rooma  can  be  both  warmed  and  venti- 
bted  adequately  and  economically. 

Desks.— Tlie  edge  of  the  desk  should  be  verti- 
ily,  or  nearly  ao,  over  the  front  edge  of  the  seat,  and 
wilt  tlie  height  of  the  scholar's  elbow.  The  seat 
should  be  at  least  9  inches  wide,  and  about  the  height 
of  the  knee.  The  desk  should  slope  (15°),  and  the  seat 
be  provided  with  a  back  :  it  is  desirable  to  provide  for 
a  little  horizontal  adjustment  of  either  the  seat  or  the 
desk,  so  that  they  may  be  slightly  separated  for 
writing,  and  brought  togetlier  for  reading.  If  a  bench 
is  used,  18  inches  should  be  allowed  to  each  pupil. 

A  simple  arrangement  contriving  the  advantages 
of   dual  desks  without  the  disadvantages  is  a  con- 
tinuous  desk   of    half  a   dozen  places   with    single 
^—uedestal  chairs  (the  "Sheffield  System").   Many  schools 
^b  the  north  of  England  are  now  fltted  with  this  kind 
^^B  desk.      It   is   supjmrted    on   two  plain  pedestals 
^^K»wed  to  the  floor.  Each  seat  has  a  back,  and  stands 
^^eh.  a  single  pedestal.     The  advantages  are  that  the 
seats  are  isolated,  each  child  is  accessible,  and  can 
stand    by  its  seat   in  its    place  for  drill,  etc.,  and 
'School rooms  cannot  lie  overcrowded  as  with  dual  seats 
'  forme.     Each  seat  occupies  about  1,00*1  w^wce- 
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inches  of  space.  Cleaning  is  much  simplified  with 
these  seats  and  desks. 

Playg^ronnd. — The  surfaces  of  the  playground 
should  be  smooth  without  being  slippery,  and  formed 
of  materials  such  as  asphalt  or  granolithic  cement, 
which  do  not  form  dust.  They  should  be  durable  and 
well  drained.  Some  authorities  recommend  tar-paving. 
Gravel,  cinder-ashes,  shingle,  and  loose  materials  are 
unsuitable.  A  certain  portion  should  be  covered-in 
for  use  in  wet  weather.  The  whole  playground  should 
be  open  to  the  sun,  and  the  school  site  should  be  of  a 
size  giving  at  least  a  quarter  of  an  acre  to  250  children, 
and  the  playground  at  least  30  square  feet  per  child. 

Cloak-rooms  other  than  passages  should  be  pro- 
vided where  damp  garments  can  be  dried.  Cloak  hooks 
should  be  fixed  12  inches  apart,  and  gangways  between 
rows  of  hooks  should  be  not  less  than  4  feet  wide. 

Water  supply. — All  schools  should  be  provided 
with  an  adequate  supply  of  wholesome  drinking  water. 
If  such  supply  cannot  be  obtained  from  the  public 
mains,  care  must  be  taken  to  ascertain  that  the  supply 
proposed  is  adequate,  is  of  suitable  character,  and  not 
liable  to  pollution. 

The  pipes  should  be  so  laid  as  to  be  protected  from 
frost,  and  so  that  in  the  event  of  their  becoming 
unsound  the  water  will  not  be  liable  to  become 
fouled,  or  to  escape.  There  should  be  no  direct  com- 
munication between  any  pipe  or  cistern  from  which 
water  is  drawn  for  domestic  purposes,  and  any  water 
closet  or  urinal. 

All  water  closets  and  urinals  should  be  provided 
with  proper  service  cisterns,  affording  adequate  flush. 
Any  cistern  should  be  watertight,  covered  and  venti- 
lated, and  so  placed  that  the  interior  may  be  readily 
inspected  and  cleansed. 

Ciosets* — Separate  closets  are  required  for  boys 
and  girls,    and    there    should   be    aA.  \^^^\.  owa  lot 
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^ery  15    to    25    girls   and    25  to    40    hoys.     They 
'lould   be  diaconiiected   from  the  school    proper  by 
well- ventilated    lobby    or    covered     way,     Plush- 
I   best  adapted  for    the   purpose  in  some 
jpajB,  and  trough-closets  are  used  in  many  schools. 
jBut,  probably,  the  time  has  come  for  schools  to  be 
supplied  with  a  sufficient  number  of  some  simple  form 
of  wash-down  closet  witli  separate  water-waste  pre- 
venter ciaterna  or,  if  necessary,  flushing  apparatus  for 
Iialf-a-dozen  at  one  time.     No  dry  system  works  well 
in  schools,  as  the  admixture  of  ashes  is  insufficient  for 
dryness  and  deodoriaation.     It  is,  of  course,  possible 
and  necessary  to  make  pails,   earth -closets,   or  even 
^^jrivies  serve  the  purpose  in  rural  districts,  but  only 
^Kf^  constant  supervision  and  far  more  frequent  cleansing 
^^■ad  scavenging  tlian  are  usually  available  can  they 
^Hpe    prevented   from    becoming  a  serious  nuisance  in 
^^ohools.     They  should  be  situated  at  least  30  feet  from 
the   school   pi-emisea.      Accumulations    fi-om    school 
closets  were  the  means  of  spreading  disease,  by  pollu- 
tion of  the  drinking  water,  in  the  typhoid  outbreak  in 
the  villages  of  Eldesborough  and  EktonBray  in  1904. 
Urinals,  in  proportion  of  Sfeet  for  100  boys,  should  be 
nroperly  constructed  of  smooth  non-absorbent  material, 
and  should  always  have  a  sufficient  water-supply. 

Schools  nnd  infections  diseases. — The  fol' 
lowing  Memorandum  was  issued  by  the  ^,Q,B.  in 
ftugust,  1904  ;— 

[1.]  "  respocting  Bchool-doaure  and  eiclnsion  from  Bthool  as 

— cantuma  against  infection,  with  a.  viow  to  indicate  the  boFit 

"~B  of  preventing  thg  spread  of  diaeaao  Ijy  school  children 

g  their  fellows,  while  avoiding  any  uuneceBsaiy  inter- 

i^tiun  of  the  work  of  odiicati>in." 

,   2.  In  the   Code   of   Regnlations  iaaued  by  the   Board  of 
n  1904,  Iho  (Qlluwing  Article  (Art.  67)  praacribos, 
of  the  genenU  oonditioiis  required  to  be  l\i^bi\^  \is  u. 
BbUJc  'ESeaentary  t<cbool  ia  Order  to  obtain  ftn  MVKttoX.¥Bi^iar 
'■^y  grant,  tb&t — 
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'^  If  the  8. A.  of  the  District  in  which  the  school  is  situated, 
or  any  two  members  thereof,  acting  on  the  advice  of  the 
M>O.H«,  require  either  the  closure  of  the  school  or  the  exclusion 
of  certain  children  for  a  specified  time,  with  a  view  to  pre- 
venting the  spread  of  disease  or  any  danger  to  health  likely  to 
arise  from  the  condition  of  the  school,  such  requirement  must 
at  once  be  complied  with,  but  after  compliance  appeal  may  be 
made  to  the  Board  (of  Education)  if  the  requirement  is  con- 
sidered unreasonable. 

Article  45  (b)  prescribes  that  "  if  there  has  been  a 
closure  under  medical  authority,  or  for  any  other  un- 
avoidable cause,  the  number  of  meetings  required  [400  a 
year]  is  proportionately  decreased." 

(The  **  medical  authority  "  referred  to  in  this  article  is  not 
necessarily  that  of  the  M.O.H.)* 

3.  The  diseases  for  the  prevention  of  which  school  closure, 
or  the  exclusion  of  particular  children,  will  be  required  are 
principally  those  which  spread  by  infection  directly  from 
person  to  person,  such  as  diphtheria,  t  scarlet  fever,  measles, 
whooping-cough,  epidemic  influenza,  small-pox,  J  and  rotheln. 
More  rarely,  lie  same  question  arises  in  connection  with  enteric 
fever  and  diarrhoeal  diseases,  which  spread  not  so  much  by 
direct  infection  from  person  to  person  as  indirectly  through  the 
agency  of  local  conditions,  such  as  infected  school  privies. 

4.  It  will  be  seen  that  Article  67  quoted  above  confers  upon 
sanitary  authorities  an  alternative  power  with  respect  to  public 
elementary  schools,  (a)  To  cause  particular  scholars  to  be  for 
a  specified  time  excluded  from  attendance,  or  (b)  to  require  the 
school  to  be  closed  for  a  specified  time. 

5. — A.    First,    as   to    exclusion  from  school   of  particular' 
scholars. — ^Here  it  will  be  convenient  to  consider  the  circum- 
stances under  which  the  requirements  of  the  public  health  will 
be  satisfied  by  the  less  severe  measure  of  the  exclusion  from 
school  of  particular  children. 

{a. )  It  may  be  laid  down  as  a  universal  principle  that  all 
children  suffering  from  any  dangerous  infectious  disorder  (t.^. 

•  The  manager  of  a  school  may  close,  under  the  advice  of  a  duly  qualified 
medical  practitioner,  and  then  claim  exception  from  the  rule  requiring  400 
attendances,  and  they  must  close  under  notice  from  the  S.A.  on  the  advice 
of  the  M.O.H. 

t  There  are  special  considerations  that  have  to  be  borne  in  mind  in 
regard  to  diphtheria.  Conditions  of  school  aggregation  alone  seem  occa- 
sionally to  intensify  the  virulence  of  the  type  of  this  disease.  {See 
chapter  xiv.) 

t  Small-pox  has  only  a  small  incidence  upon  children  of  school  age, 
under  ordinary  conditions  of  infant  vaccination,  but  in  districts  where 
vaccination  is  now  neglected  it  has  occasionally  been  found  necessary  to 
close  schools  on  account  of  prevalence  of  small-pox. 
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H'Oiap. 

^H%f  a.  nature  dangeroug  to  somo  of  the  persons  Bttackud  by  it, 
^^ntDwever  mild  in  other  cases)  should  be  excluded  trom  school 
^F^ntil  there  is  ro&son  to  beliote  thiit  they  have  ceuaed  tu  he  in  an 
^  Infectious  condition  (see  s.  126  P.  H.  Act,  1875). 

(6.)  Purthcrmore,  as  it  is  rarely  poBsible  U>  provide  effeiitaal 
■eparatioa  oC  the  sick  from  ths  healthy  within  the  homes  of 
cimdren  of  the  class  attending  public  elementary  schools,  it 
must  BammoDlj  be  necessu-y  that  all  children  of  an  infected 
hooaehold  should  be  Excluded  from  Bchuol ;  first,  because  other- 
iriie  such  children  might  attend  school  while  suffering  from 
the  disease  in  a  latent  form,  ur  at  an  uniecognieed  stage,  end, 
secondly,  because  it  ia  known  that  infettion.  may  attadi  itself 
to,  and  he  conveyed  by,  the  clothes  of  a  person  livini;  in  an 
infected  atmosphere,  even  tbougb  the  person  himself  lemain 
nna&ected.  The  same  considerations  will  sometimes  make  it 
deairablo  to  prohibit  the  attendance  at  school  of  all  children 
from  a  particular  street  or  hiimlet. 

In  the  case  of  infeclioua  diseases  iavolving  little  or  no 
laoger  to  life,  such  us  mumps  or  skin  diseases,  sehool 
interests  may  be  more  particularly  considered.  In  such 
case,  however,  it  will  usually  be  well  tor  the  M.O.H.  to 
adviaa  the  manageis  to  prohibit  the  attendance  ot  Hvery 
child  while  in  an  infectious  state. 

0  the  tlo^ng  of  .rfoofe.— This,  by  mora 
Jerioualy  interfering  with  the  educational  work  of  a  district,  is 
K ntach  more  grave  stop  for  a  S.A.  to  take  than  to  direct  the 
Vzclosion  of  particular  scholars.  It  ia  a  measure  that  seldom 
BBKht  to  be  enforced,  except  under  circumstances  involving 
'■-  ■  ■  ■  '  'an  epidemic,  nor  even  then  as  a  matter  of 
mtine,  nor  unless  there  be  a  clear  prospect  of  preventing  the 
ropagation  of  disease  such  as  could  not  be  looked  for  from 
»  comprehensive  action. 

rhe  mere  fact  that  in  an  epidemic  many  of  the  sufiorcrs 

1  school  children  does  not  necessarily  show  that  the 

lease  was  caught  at  school ;  but  the  school  may  with 

probability  be  regarded  as  spreading  infection  if  in  a  large 

majority  of  houschDlds  attucked  the  first  case  be  a  child 

attending  school;  and  with  still  greater  probability  it  a 

number  of  children  living  at  a  distance  from  one  another, 

and  with  no  circumstances  in  common,  except  that  they 

attend  the  same  school,  should  bo  simultsneously  attacked, 

~ie  asacTlained  that  a  child  or  teacher  in  an 

M  has  actually  been  attending;  the  school. 

"  i   of  the   Board's   Order  ot  23rd  Matdi, 

the  occasion  of  nn  outbreak  of  danger 


infectious  stat 

'.  By  Article   i 

[891,  the  U.O.H.  c 
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infectious  disease  is  to  advise  the  persons  competent  to  act  as 
to  the  measures  to  be  taken  to  prevent  the  extension  of  the 
disease.  If,  therefore,  he  finds  that  the  children  of  infected 
households  are  attending  school,  he  should  send  notice  of  the 
fact  to  the  schoolmaster,  and  give  such  advice  as  appears  to  him 
to  be  necessary  with  regard  to  the  exclusion  of  the  children 
from  school,  and  as  to  l£e  time  for  which  such  exclusion  should 
continue.* 

Where  the  number  of  children  to  be  excluded  is  small,  and 
the  schoolmaster  acts  on  the  advice  of  the  M.O.H.,  it  may  not 
be  necessary  to  take  formal  action  under  Article  57  of  the  code ; 
but  where  the  number  of  children  whom  it  is  desirable  to 
exclude  from  school  is  such  as  is  likely  seriously  to  diminish  the 
average  attendance,  or  where  the  advice  of  the  M.O.H.  is  not 
followed,  and  there  is  danger  of  the  disease  spreading  by  means 
of  the  school,  notice  for  the  exclusion  of  the  children  in  question 
should  be  made  in  accordance  with  the  requirements  of 
Article  67.        " 

The  attention  of  school  attendance  ofiBcers  and  of 
schoolmasters  should  also  be  drawn  to  the  following  con- 
siderations. Frequently  they  themselves  will  obtain  the 
earliest  information  of  the  occurrence  of  infectious  disease 
among  scholars,  and  it  is  most  desirable  that  such  officer  or 
master  should  without  delay  communicate  the  facts  to  the 
M.O.H.  Absence  of  any  child  from  school  on  the  plea 
that  it  is  suffering  under  one  of  the  before-mentioned 
diseases,  and  absence  of  several  children  of  one  family 
from  school  at  the  same  time,  no  matter  what  name  be 
given  to  the  complaint  that  keeps  them  at  home,  should  be 
reported  to  the  health  officer.  In  practice  it  has  been 
found  that  this  notification  of  absentees  has  materially 
aided  the  local  health  officer  in  taking  measures  for  the 
suppression  of  infectious  disease,  to  the  advantage  alike  of 
the  district  and  of  the  school.  Fui-thermore,  school- 
masters may  properly  be  asked  to  take  note,  especially 
when  an  epidemic  threatens  or  is  present,  of  symptoms 
occurring  in  any  of  their  scholars  that  may  indicate  the 
commencement  of  disease,  febrile  in  nature.  Besides 
heat  of  skin,  such  symptoms  are  shivering,  headache,  and 
languor,  especially  if  commencing  suddenly,  vomiting, 
rashes  on  the  skin,  and  sore  throat.    When  scarlet  fever 

*  It  is  well  always  to  send  a  second  notice  when  the  infection  is  at  an 

end  and  the  quarantine  is  terminated.    Copies  of  these  notices  may  with 

advantage  he  sent   to  the  sch(»ol  autliorities,   in  order  that  the  school 

attendance  officer  may  not  in  the  meantime  ptesa  \\\e  ^a.tftw\,a  to  -i^ud  the 

children  to  school. 
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or  dipl&fheria  is  alwnt,  every  trace  of  sore  throat  should  be 
looked  upon  as  suspicious.  In  any  ease  where  such 
imnptoms  are  observed,  the  safest  course  will  be  to  exclude 
the  child  from  school  until  assurance  can  be  had  that 
it  may  attend  school  without  harm  to  itself  or  danger 
to  other  scholars. 

8.  As  regards  duration  of  exclusion  from  school  of  par- 
ticular children,  the  time  to  be  specified  will  vary  in  different 
diaeaieii  and  diiferent  cases,  and  in  this  matter  the  sanitary 
authority  will  doubtless  be  guided  by  the  advice  of  their 
K.O.H. 

Medical  officers  of  health,  having  to  specify  a  time 
during  which  any  scholars  are  to  be  excluded  from 
attendance  at  any  school,  should  have  regard  as  far  as 
practicable  to  the  circumstances  of  the  particular  scholars 
anflering  from  infectious  disease  or  living  in  infected 
households.  Not  only  the  nature  of  the  infection  and  the 
length  of  illness,  but  the  environments  of  the  individual 
as  affecting  the  retention  of  infection,  will  deserve  con- 
sideration. The  period  of  exclusion,  for  example,  will 
need  to  be  different  according  to  the  conditions  of  a 
patient's  lodgment,  according  to  the  sufiBciency  of  the 
separation  that  can  be  effected  between  a  patient  and 
excluded  scholars,  and  according  to  the  opportunities  of 
effectual  disinfection  that  can  be  afforded  to  the  house- 
hold. Thus  a  hiird  and  fast  rule,  such  as  has  been  laid 
down  in  some  districts  where  scarlatina  has  been  present, 
that  no  child  shall  go  to  school  from  an  infected  house  for 
three  months  after  the  disease  has  begun  in  that  house,  is 
not  to  be  commended.  It  is  indeed  possible  that  under  the 
circumstances  of  a  particular  household,  a  child  con- 
'valescent  from  scarlatina  or  living  in  the  same  house  with 
cionvalescents  should  not  in  the  interests  of  other  children 
1)0  permitted  to  return  to  school  until  after  so  long  a  period 
as  this ;  but  the  same  ought  not  to  be  assumed  of  all  house- 
holds in  the  district  that  may  bo  invaded  by  scarlatina. 
The  better  plan  would  be  for  the  8.  A.  to  secure,  during  a 
ahorter  period,  the  exclusion  of  individual  sick  persons 
and  their  housemates  from  school ;  and  when  that  period 
IB  about  to  expire  to  cause  fresh  inquiry  to  be  made 
as  to  the  expediency  of  further  exclusion,  and,  if  found 
requisite  in  particular  cases,  to  cause  fresh  notice  to  be 
given  to  the  school  managers. 

9.  In  deciding  whether  an  outbreak  of  infectious  disease 
■moqsr  ohUdren  of  school  age  may  be  best  comb'dtcCiXi'j  <^o««i^ 
ibe  acSaajt^  or  whether  it  will  suffice  to  exclude  tl^Q  Oi^VV^en  ^i 
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infected  households,  the  two  most  important  points  to  be  con- 
sidered axe : — 

(a)  The  completeness  and  promptness  of  the  information 
received  by  the  officers  of  the  S.  A.  respecting  the  occurrence  of 
infectious  cases. 

(^)  The  opportunities  which  exist  for  intercourse  between 
the  children  of  different  households  elsewhere  than  at  school. 

10.  (a)  The  more  prompt  and  full  the  knowledge  of  cases 
of  infectious  disease  that  the  8.  A.  are  able  to  obtain,  the  better 
will  be  the  prospect  of  checking  such  disease  by  keeping  away 
from  school  the  children  of  infected  households,  and  the  less 
will  be  the  necessity  for  closing  schools.*  If  the  cases  be  few 
in  number,  and  their  origin  known,  the  exclusion  from  school 
of  the  children  of  infected  households  will  probably  suffice, 
but  this  measure  will  fail  where  there  are  many  undiscovered 
or  unrecognised  cases,  or  where  the  known  centres  of  infection 
are  very  numerous. 

Commonly,  the  failure  of  carefully  considered  measures  of 
exclusion  to  stay  the  spread  of  an  epidemic  which  shows 
a  special  incidence  upon  school  children,  may  be  regarded  as 
pointing  to  the  continued  attendance  at  school  of  children  with 
the  prevalent  disease  in  a  mild  or  unrecognised  form,  and 
a  strong  case  will  appear  for  the  closing  of  schools. 

If  by  reason  of  the  absence  or  exclusion  of  a  considerable 
number  of  children  the  attendance  at  a  school  be  greatly 
reduced,  it  may  be  found  better  to  close  it  altogether.  This 
is  especially  apt  to  occur  in  the  case  of  epidemics  of  measles,  a 
disease  which  is  very  infectious  in  the  early  stages,  before  the 
characteristic  rash  has  appeared,  and  while  the  symptoms 
resemble  those  of  a  common  cold. 

11.  (i)  The  second  material  consideration,  in  deciding  as 
to  the  desirability  of  closing  schools  during  the  prevalence 
of  infectious  disease,  is  the  amount  of  opportunity  for  inter- 
communication between  the  members  of  different  households 
elsewhere  than  at  school.  In  sparsely  populated  rural  districts, 
where  the  children  of  different  households,  or  of  separate 
hamlets,  rarely  meet  except  at,  or  on  their  way  to,  the  village 
school,  the  closing  of  the  school  is  likely  to  be  effectual 
in  checking  the  spread  of  disease.  It  is  less  likely  to  be  useful 
in  a  town  or  compact  village  (particularly  where  houses  are 
sub-let  and  yards  are  in  common),  where  the  children  of 
different  households  when  not  at  school  spend  their  time  in 
playing  together,  and  often  run  in  and  out  of  each  other* s 
houses.     But  it  must  be  remembered  that  children  when  at 

*  Information  obtainable  under  the  Infectious  DVaeaat*  ^oW&caLtvou^ 
Act,  1889,  will  be  specially  useful  in  this  direction. 
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play  oat  of  doors  are  brought  into  much  loss  close  association 
with  each  other  than  when  at  school. 

In  mral  districts,  where  epidemic  diseases  arc  less  fre- 
quently prevalent,  school  closing  may  be  required  as  an  excep- 
tional measure  to  meet  an  exceptional  state  of  things.  As 
regards  more  populous  places,  it  must  not  be  forgotten  that  if 
schoolB  were  to  be  closed  whenever  an  infectious  disease  was 
prevalent,  there  are  many  places  where  schools  would  hardly 
ever  be  open.  ^ 

It  will  sometimes  be  necessary  to  close  school  for  a  day 
or  two  to  allow  of  the  rectification  of  sanitary  defects  of  a 
nature  to  extend  disease,  or  in  order  that  the  school  may  bo 
disinfected  or  purified.  It  has  happened  that  infectious 
sickness  in  tho  master's  family  has  forbidden  the  attend- 
ance of  scholars.  These  more  temporary  and  occasional 
closures  of  schools  are  contemplated  in  tho  Education 
Code,  and  are  to  be  regarded  as  having  a  real  importance 
of  their  own. 

12.  In  places  where  there  are  several  public  elementary 
schools,  if  an  outbreak  of  infectious  disease  be  confined  to  tho 
scholars  of  one  particular  school,  it  may  be  sufficient  to  close 
that  school  only.  But  where  different  schools  havo  all  ap- 
peared to  aid  in  the  spread  of  disease  (though  perhaps  to  an 
unequal  extent),  the  8. A.  may  consider  it  advisable  that  all 
should  be  closed  lest  children  in  an  infectious  state  who  pre- 
viously attonded  the  schools  that  are  closed  should  be  sent 
to  others  that  might  remain  open. 

It  must  be  remembered  that  sanitary  authorities 
have  no  power  in  respect  of  Sunday  schools,  or  other 
private  schools  :  except  in  so  far  as  these  may  contravene 
s.  91^,  8.  126,  or  other  provision  of  tho  P.H.  Act,  1875  ; 
but  it  will  often  be  expedient  to  invite  the  co-operation  of 
managers  of  such  schools  in  efforts  for  securing  the  public 
health.  Experience  shows  that  they  arc  usually  ready  to 
defer  to  the  representations  of  tho  authority  responsible 
for  the  public  health  of  the  district. 

13.  The  M.O.H.  has  not  power  to  order  the  closing  of  a 
school ;  his  function  in  this  respect  is  advisory  only.  Reports 
of  M.O.H.  to  sanitary  authorities,  advising  the  closure  of 
a  school  or  schools  in  any  district,  are  to  be  treated  as 
**  special '  reports  within  the  meaning  of  the  General  Order  of 
the  Ii.Gh.B.  of  March  23rd,  1891,  and  copies  of  them  are 
required  by  Art.  18  (15)  and  (16)  of  that  Order  to  be  sent  to 
the  Board-,  and  to  the  County  Council.  These  reports  should 
state  the  grounds  upon  which  the  M.O.H.   advocates  the 
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closure  of  the  school  or  schools  in  preference  to  the  exclusion 

of  particular  scholars. 

14.  All  notices  of  the  sanitary  authority  for  the  closing  of 

Public  Elementary  Schools  should  be  addressed  in  writing  to 

the  Managers,  and  should  state   the  grounds  on  which  the 

closing  is  deemed  necessary. 

All  such  notices  shall  specify  a  definite  time  during 
which  the  school  is  to  remain  closed;  this  should  be 
as  shorii  a  period  as  can  be  regarded  as  sufficing  on  sanitary 
grounds,  since  a  second  notice  may  be  given  before  the 
expiration  of  the  first,  if  it  should  be  found  necessary 
to  postpone  the  re-opening  of  a  school.  The  Managers 
of  schools,  after  complying  with  the  requirements  of  the 
S.A.,  have  the  right  of  appeal  to  the  Board  of  Education, 
if  they  consider  any  notice  to  be  unreasonable. 

The  following  periods  of  exclusion  are  advised  by 
the  Association  of  Medical  Ofl&cers  of  Schools  : — 


Disease. 

(^aravtim  to  be 

required  after 

last  exposure 

to  infection. 

Small-pox 
Chicken-pox     .. 

16  days 
20    „ 

Scarlet  fever    . . 

10    ,, 

Diphtheria  .     «. 

14    „ 

Measles  .. 

16    „ 

Whooping  ) 
Cough         )      •• 

21     „ 

Rotheln           «. 

16    „ 

Mumps  .. 

21    ,. 

Earliest  date  of  return  to  School 
after  an  attack. 


When  all  scabs  have  fallen  oflf. 

Ditto. 
Six  weeks,  and  then  only  if  no  des- 
quamation,   sore    throat,    or    dis- 
charge from  ear,  &c. 
Four  weeks,  if  convalescence  be  com- 
plete,  and  no  sore  throat,  albumi- 
nuria or  discharf^es    remain ;    and 
1      bacteriological  examination  of  the 
I     throat  is  on  two  consecutive  occa- 
sions negative. 
f  Two  weeks,  if  all  desquamation  and 
(     cough  have  ceased. 
Five  weeks  from  the  commencement 
of  the  whooping,  if  the  cliaracter- 
istic  spasmodic  cough  and  whoop- 
ing have   ceased.      Earlier,  if  all 
cough  be  gone. 
f  Two  to  three  weeks,  according  to  the 
1      nature  of  the  case, 
f  Three  weeks,  if  all  swelling  has  sub- 
\     sided. 


It  is  understood  in  all  cases  that  thorough  disin- 
fection  ia  carried  out     As  a  furtiher  s.aie^\xs^T^  \\.  \& 
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desirable  to  insist  upon  a  medical  certificate  of  freedom 
from  infection  when  a  child  returns  to  school  after  an 
infectious  illness. 

Typhus  and  enteric  fever  are  not  included  in  the 
list.  They,  of  course,  rarely  require  consideration. 
In  either,  three  weeks  may  be  adopted  as  the 
period  of  quarantine  ;  and  four  weeks  as  the  earliest 
date  of  return  to  school  after  an  attack,  if  all  symp- 
toms have  disappeared  and  convalescence  is  complete. 

The  duration  of  ringworm,  ophthalmia,  impetigo, 
and  scabies  is  indefinite  ;  and  children  suffering  from 
any  of  these  shoidd  be  rigidly  excluded  until  all  trace 
of  the  disease  has  disappeared. 

It  is  important  that  teachers  should  be  acquainted 
with  the  early  signs  of  infectious  diseases,  and  should 
watch  for  them,  especially  if  such  diseases  are  preva- 
lent in  the  neighbourhood,  or  if  any  of  the  children 
attending  the  school  have  been  attacked.  It  is 
important,  too,  that  the  school  authorities  should 
co-operate  with  the  S.A.  in  such  matters,  and  should 
report  cases  of  non-notifiable  disease.  Slight  attacks 
may  escape  recognition  until  late  {e.g,  until  the  des- 
quamation stage  of  scarlet  fever),  and  multiple 
instances  of  sore  throat  should  always  be  regarded 
with  suspicion. 
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CHAPTER    VIII. 

HOSPITALS. 

General  Considerations.— All  that  has  been 
said  in  respect  of  the  site,  surroundings,  and  construc- 
tion of  houses  applies  with  still  greater  force  to  hospitals. 
Pure  air  and  light  are  of  especial  importance  in  sick 
wards,  that  are  occupied  day  and  night.  The  site 
should  be  as  dry  and  open  as  possible,  not  exposed  to 
smoke  or  effluvium  borne  by  wind,  and  not  unduly 
sheltered  by  trees,  buildings,  or  hills. 

Wards. — Long  wards  should  face  east  and  west 
so  as  to  admit  sun  on  each  side  alternately,  and 
if  any  deviation  is  necessary  it  should  preferably  be 
such  as  to  give  a  south-east  and  north-west  aspect 
(Thorne-Thome).  Single-storey  hospitals  are  pre- 
ferable, as  affording  the  freest  circulation  of  air.  Each 
ward  is  then  completely  detached  from  the  rest,  and 
the  absence  of  stairs  is  advantageous ;  but  from 
motives  of  economy  and  convenience  of  concentration 
two  or  more  storeys  are  usually  built. 

Small  wards  are  inevitable  in  cottage  hospitals, 
and,  indeed,  in  all  hospitals,  since  provision  has  to  be 
made  for  the  isolation  of  severe  or  infectious  cases, 
and  for  the  classification  of  patients  according  to  sex, 
and  sometimes  according  to  disease.  As  a  general 
proposition,  however,  large  wards  are  more  readily 
ventilated,  warmed,  and  lighted,  more  economical  in 
construction  and  management,  and  more  convenient 
as  regards  nursing. 

For  long  wards  the  width  should  be  24  to  30  feet,  the 
height  13  to  14  feet,  and  the  length  such  as  to  allow  a  cubic 
space  per  patient  of  at  least  1,200  feet.  Not  less  than  2,000 
feet  is  considered  necessary  in  a  fever  or  lying-in  hospital,  or 
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Fs  surgical  cases.  It  ia  not  p::nntasibla  to  obtnin  this 
*  Space  by  introaaing  the  hoiKht.  Aa  alrendy  aspVined,  ex- 
I  Ibems  height  is  ot  liltle  utility  as  regards  ventilation,  and  ia 
'  spitaU  it  is  essential  to  havQ  plenty  of  floor  space  aiound 
"  '  For  QUi-Hing  purposes  at  least  90  aqusro  feet  per 
Miaary,  and  more  will  be  required  if  the  ward  ia 
jfely  nged  for  cliniial  teaching.  'WherevBr  there  is  any 
■sibility  of  sfiplic  or  other  infection,  as  for  eiample  in 
DTgical  wardfi,  lying-tn  wards,  and  wards  for  infectious  die- 
aws.  wide  separation  of  beds  is  important.  In  such  cases 
12  feet  of  wall  and  130  to  HO  feet  ut  floor  apace  should  be 
sUowed.  It  is  found  that  for  convenience  in  nnrsing  the 
number  of  beds  in  one  ward  should  not  exceed  32,  and  usually 
S4  or  3S  would  bfl  prefDrKble. 

The  beds  are  aiTanged  with  their  heads  to  the  wall,  facing: 
into  Ihe  ward.  Each  bod  should  bo  placed  between  two 
adjoining  windows,  thi:  spuee  butweon  the  windows  being  not 
lMi  than  a  foot  wider  than  the  h^d.  At  moat  two  beds  may  ha 
ri(ow«din  one  space,  the  inteival  between  them  being  at  least 
i  feeL  The  intervals  between  the  windows  of  a  ward 
Id  bo  such  as  to  allow  ot  this  arrangement.  The  windows 
tould  reach  ^a  witbin  a  foot  of  the  coiling. 

All  the  Burfacea  should  be  impervious,  smooth,  and 

K^ashable,  and  all  ledges,  creviiies,  and  stagnant  corners 

^01  whitli  dust  may  lodge  must  be  avoided.    The  floors 

may  be  paraffined  or  waxed,  the  walls  lined  with  tiles 

or  glazed  lirick,  or  Parian  cement,  or  in  the  absence  of 

such  materials  simply  painted. 

HeatiBff  and  Teniilallon The  heating  may 

be  effected  by  open  tire-placea,  or  ventilating  stoves,  or 
both,  and  it  is  well  to  have  in  addition  coils  of  steam 
or  hot-water  pipes  with  radiators  in  corridors.  Venti- 
lation must  be  provided  for  to  the  extent  of  at  least 
3,000  feet  per  head  per  hour,  and  it  may  be  taken  as 
a  safe  rule  that  the  whole  air  of  the  ward  ought  to  be 
changed  tbrice  hourly,  ao  that  the  hourly  supply  of 
fresh  air  should  bo  three  times  the  eubio  capacity  of 
the  ward.  Extraction  ia  provided  for  by  fire-places, 
stoves,  windows  opening  at  the  top,  Sheringham 
Talves  near  the  ceiling,  chimney  shafts,  warm  out- 
Wik  flues,   and   in    other    ways,       Special   extraction 
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shafts,  with  inlets  at  or  near  the  ceiling,  are 
desirable.  Such  shafts  may  be  carried  up  alongside, 
or  surrounding  the  chimney  or  stove  flue,  so  as  to 
utilise  the  waste  heat  as  a  motive  power  ;  or,  indepen- 
dently of  these,  with  a  gas  jet  in  the  inlet  to  create 
an  upward  current.  Some  hospitals  for  infectious 
diseases  have  an  extraction  shaft  upon  a  larger  scale, 
the  foul  germ-laden  air  being  made  to  pass  through  a 
gas  furnace.  Most,  if  not  all,  of  the  germs  are  no 
doubt  destroyed  in  this  way,  and  the  rest  are  pre- 
vented from  diffusing  horizontally.  This  precaution 
was  suggested  by  the  Hospitals  Commission,  and  is 
especially  important  in  regard  to  smallpox  hospitals, 
which  have  been  shown  to  be  capable,  under  certain 
conditions,  of  acting  as  foci  from  which  infection 
spreads  through  the  air. 

It  is  desirable  to  make  arrangements  for  warming 
the  air  passing  into  the  wards.  This  may  be  done  by 
means  of  ventilating  fire-grates,  ventilating  stoves,  or 
coils  of  hot  pipes  at  the  inlets.  Windows,  Shering- 
hams,  and  Tobins  may  suffice  in  warm  weather.  It  is 
a  common  practice  to  place  the  inlets  under  beds,  with 
the  intention  of  avoiding  draughts,  and  supplying  the 
purest  air  close  to  the  patients. 

In  the  most  approved  plans  a  cross-ventilated 
corridor  or  ante-room  leads  from  one  corner  of  the 
ward  to  the  water-closets  and  slop  sinks,  and  the  bath- 
room and  lavatory  are  similarly  placed  at  the  adjoin- 
ing corner.  At  the  opposite  end  is  a  nurse's  room 
with  a  window  overlooking  the  ward. 

Hospitals  for  infectious  diseases.— 
Eeference  has  already  been  made  to  the  need  for 
greater  cubic  space  and  ventilation  in  such  hospitals, 
and  to  the  importance  of  guarding  against  the  ten- 
dency to  aerial  spread  of  infection  in  certain  diseases. 
The  communication  with  the  outside  has  also  to  be 
^ept    under    strict     control.       It  la  ^^^\t«^^  \5cl\s.\. 
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Isolation  Hospitals "  sLould  themselves  be  isolated 
L  other     buililinga,   and    even    from     thorough- 
1,  by  reserving  as   wide  an  open   space  as  pos- 
ihla     The  boundary  walla  should  be  6^   feet   high, 
disease  must  be    isolated    separately,    and    if 
fible  in   separate   blocks,    not   less   than  40   feet 
rt,    and    the  same  distance  from  the  boundary.* 
re  should  be  no  communication  whatever  between 
difl'erent    blocks,    and     the     intercourse     with 
administrative   department  should    be 
little    as    possible.      As    regards    structure    and 
igement   ot  wards  the  standards  named  in.  re- 
;t  of  general  hospitals  apply.     A  special  block  con- 
ining  at  least  two  or  three  small  wards  is  necessary 
doubtful  cases,  or  cases  not  received  into  the  prin- 
warda.     The  aite  should  lie  high  and  airy,  on  dry 
ivelly  soil,  removed  fi-om  buildings  but  not  too  ex- 
posed.    It  should  not  in  any  case  be  less  than  3  acres 
in  extent,  and  the  number  of  patients  per  acre  should 
not  much  exceed  20. 

The  essential  parts  of   a.  hospital   for  infectious 
awes  are— 

1.  An  administrative  block,  including  rooms  for 
I   medical   officers,  matron,  nurses,  and  servants ; 

^fapensary,  kitchen,  scullery,  larder,  and  pantry ; 
laundry,  linen-room,  store-room,  coal-cellar,  bathrooms, 
closets,  etc.  etc. 

2.  Hospital  blocks,  namely,  at  least  one  for  each 
disease  to  be  isolated,  and  in  each  block  at  least  two 
princiiial  wards,  one  for  each  sex.  Additional  small 
wards  for  one  or  two  beds  are  desirable.     An  '!iso- 


riBll-pai  liDspital  sliould  nob  be 
'  s  mllo  ■  hospital  (whetber  for 
or  nuy  almllur  rsUbllsbnieat,  ae 
fillihi  hilC  &  mile  a  tiQ^iiMSibii.  lA  «A 
iHCIliitlauA  or  Uvdwe\ttot\»o'aw*v  e-atftt. 
llHIlBl  a  Imspltal  iimsV,  m«,  >«■«»*« 
iptiou  of  eiiaca  ot  anvalVvoi-  »■«*  "^  " 
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lation  block,"  consisting  entirely  of  small  wards,  is  most 
useful.  Besides  the  wards,  closets,  sinks,  and  bathrooms, 
each  block  should  contain  a  nurse's  room,  overlooking 
the  ward,  and  so  arranged  as  to  serve  as  a  scullery 
and  ward-kitchen  for  minor  cookery  ;  linen-room, 
store-room,  and  coal-place.  The  nurse's  sleeping-room 
must  be  away  from  the  wards ;  it  may  be  in  the  same 
block,  but  is  more  usually  placed  in  the  administrative 
block.  Arrangements  must  be  made  for  the  patients 
from  each  block  to  take  exercise  in  the  grounds 
without  coming  into  contact  with  each  other.  Small- 
pox hospitals  should  be  entirely  independent  of  those 
for  other  diseases. 

3.  Mortuary  and  post-mortem  room ;  disinfecting 
room ;  stable  and  ambulance  shed ;  porter's  lodge,  etc. 
etc.  The  drainage,  water  supply,  and  arrangements 
for  heating  need  no  special  mention. 

Cost. — The  expenses  to  be  incurred  in  respect  of 
isolation  hospitals  are  classified  under  the  Isolation 
Hospitals  Act  as  structural,  establishment,  and 
patients'  expenses.  We  may  first  consider  the  capital 
or  structural  outlay.  The  great  cost  of  permanent 
hospitals — rarely  less  than  j£200  and  sometimes  X400 
per  bed — has  led  to  the  substitution  in  many  cases  of 
temporary  structures,  more  especially  in  the  presence 
of  an  epidemic,  when  rapidity  of  construction  is  the 
first  consideration  (<£20-£50  per  bed).  These  may  be 
tents  or  buildings  of  wood  and  galvanised  or  corrugated 
iron.  Wooden  hospitals  are  common,  and  can  be  run  up 
in  two  or  three  weeks.  The  walls  must  be  made  double, 
and  it  has  been  found  advisable  to  fill  up  the  hollow 
with  sawdust.  The  floors  must  be  raised  above  the 
surface  of  the  ground.  The  roof  may  be  slated  or 
tar-felted.  The  foundation  required  is  generally  a 
four-course  brickwork  with  air-bricks  and  damp- 
pi^oof  course.  The  dimensions  and  arrangements 
can   be  made  the  same  as  in  permanent    buildings. 
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may  be  uaid  of  galvanised  iron  lints, 
ih  are  often  used  for  liospital  purposes.  Tents 
be  erected  sblU  more  I'apidly,  upon  a,  wooden 
raised  above  tlie  level  of  tlie  ground.  The 
aivas  should  lis  doubla  Recently  other  fonns  of 
mporary  hospitals  have  come  into  use,  including 
rose  of  Dcecker  and  Ducker  types.  Both  of  them 
B  convenient  in  use,  and  can  be  erected  at  a  f  bw 
Burs'  notice.  They  consist  of  a  stout  watcrpiwof 
Material  stretched  upon  wooden  frames,  ao  shaped  and 
ftumbered  that  tliey  can  be  speedily  put  together  to 
_SR>rm  a  complete  and  weather-proof  hut,  ready  for  the 
reception  of  patients.  Willesden  waterproof  paper  is 
also  used  for  the  construction  of  huts.  Sometimes  a 
composite  construction  has  been  preferred,  with  an 
adnunistrative  block  of  stone  or  brick,  and  pavilion 
k'Brds  of  corrugated  iron  and  wood  costing  about 
T120  a  bed.  It  should  be  adiled  that  the  L.d.B. 
toes  not  as  a  rule  sanction  loans  for  the  construction 
^  temporary  hospitals. 

Their  comparative  cheapness  Hiid  tho  rapidity  wilh  which 
My  oan  Le  eroctcl  aro  imjiorLant  puijits  in  favour  of  tem- 
BjpMHCy  hospitals,  but  nevertheless  thoir  proper  function  is  to 
supplement,  and  not  to  supcrBedo,  permanent  buildings  of 
brtck  or  stone.  They  are  less  attractive  in  appearance  than 
the  latter,  less  comfortable,  and  more  difficult  to  ventilate 
efficiently,  and  to  koop  warm  or  cool.  True  dlsinfoc^tioo,  such 
as  to  fit  thorn  for  iha  reisptioa  uf  caeus  of  different  diseases,  if 
not  impossible,  is  at  least  less  easy  and  leas  certain  than  in 
buildings  with  hard  nun-almorbont  surfaces,  free  from  pores 
and  crevJL-BB.  Their  duiubility  is  far  less  than  that  of  a  per- 
manent building,  and  an  annually  increasing  outhiy  ie  needed 
in  Drder  la  keep  them  in  habitable  repair.  It  is  often  claimed 
on  behalf  of  temporary  hospitals  that  no  disinfection  ia  neces- 
sary, BJneo  they  can  be  biunt  at  the  end  of  the  epidemic,  and 
renewed ;  but  this  plan,  which  would  very  soon  prove  mere 
^^^COHtly    than   the  erection  of  permanent   hospitali,  has  rarely,  ^ 

^Bn  >ever,    beers    put    into    practice.     The    eeonomy    in    first  ^| 

^^K>t  is  great,  but  is  usually  eiaggtiratod.     It  must  be  romem-        ^| 
^^Bted   that  the   cost    of  erwtiug;   a  permanent   hospital,   a«        ^^ 
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available  for  whatever  disease  is  prevalent  at  the 
time.  This  can  be  done  with  safety  and  without 
difficulty  if  all  the  internal  surfaces  are  impermeable. 
The  wards,  whatever  the  number  of  beds,  must  be 
sufficiently  numerous  to  allow  of  the  separation  of 
the  sexes  wherever  necessary,  as  well  as  the  isolation 
of  the  several  diseases  one  from  another. 

It  is  of  the  utmost  importance,  if  isolation  is  at- 
tempted upon  the  large  scale,  to  make  the  hospitals 
free,  and  this  is  only  reasonable,  since  the  public  gain 
at  least  as  much  as  the  patient  by  his  seclusion.  The 
Sanitary  Authority  must  not  regard  removal  to  hospital 
merely  as  a  privilege  sought  by  the  patient  and  his 
friends,  but  as  a  concession  on  their,  part  to 
the  public  safety.  Any  charges,  however  small  and 
readily  remitted,  are  deterrent  in  the  very  cases  in 
which  isolation  is  most  needed.  The  revenue  from 
patients'  fees  is  at  best  a  small  fraction  of  the  cost 
of  maintenance,  and  the  wholesale  remission  of  them 
— without  which  the  isolation  of  cases  among  the 
working  classes  is  impracticable — has  an  appearance 
of  charity  which  is  naturally  resented.  An  excep- 
tion may  be  made  in  respect  of  the  wealthy,  who  are 
willing  to  pay  suitable  fees  for  the  use  of  private 
wards  and  special  nurses. 

EflTect  of  hospital  isolation.— The  justifica- 
tion for  isolation  is  based  on  the  broad  ground  that 
certain  diseases  are  infectious;  that  is,  are  readily 
transmissible  from  the  sick  to  the  healthy.  Infected 
persons  act  therefore  as  foci  of  the  disease,  and  where 
such  persons  are  left  in  the  midst  of  densely  populated 
communities  there  is  a  greater  tendency  for  the 
disease  to  spread  than  if  such  persons  are  isolated  away 
from  others.  Although  it  may  be  possible  to  isolate 
almost  any  case  of  infectious  disease  in  a  large 
house,  where  all  the  requisite  precautions  can  be 
rigidly    maintained    during   the    whole  period   of  in- 
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fectiouanesB,  it  may  be  stated   broadly    tLat   "home 
isolation "    in    sraaJier    houses    CEUinot     lie     carried 
out  in  its  entirety.      In  houses  of  the  working  class, 
for  example,  not  one  case  of  scarlet-fever  in  a  hundred 
possibly  be,  properly  isolated,  during  the 
^hole  period  of  still  infectious   couvalescence,   from 
rest  of  the  household,   or  even  from  the  public. 
[edical    supervision    is    usually    withdrawn    at   the 
'*  of  the  acute  stage  of  illneEs.  Where  satisfactory 
can  be  provided  at  home,  hospital  isolation 
unnecessary,    and    if   a    hospital    is  badly 
linistered,    or  there  is    overcrowding,  such  home 
btion  may  even  be  preferable.      There  can  be  no 
lonbt    that    the    separation   of  the   sick    from    the 
'Jiealthy  has  been  invaluable  in  preventing  the  spread 
|Of    disease,  although  instanuea  are  not  rare  in  which 
ipital  isolation  has  failed  to  give  satisfactory  results, 
iiot  surprising  when  it   ia  remembered   that 
ihe  isolation  has  often  been  partial,  and  the  aggre- 
gation of  infectious  pei-sons,  more  especially  in  times 
of  epidemic  pressure,  carried  too  far.      Many  of  the 
laotors    which     determine    epidemic    and     endemic 
prevalence  of  disease  are  still  obscure,  and  it  is  only 
iwithin    the  last  30   years    that   wo  have   begun   to 
.ppreciate  the   germ  theory  and  what  it  means   in 
.al  practice.     The  hospital  cases  include  many  of 
more  virulent  kind,  and  many  from  homes  where 
of  isolation   are    most  inadequate,    and    the 
loval  of  those  cannot  have  failed  to  limit  infection. 
It  hsA   been  contended,    on  the  basis  of  certain 
statistics  of  notification,   isolation,  and  deaths, 
it  isolation   has    failed   materially  to   reduce   the 
ivalence  and  fatality  of  scarlot-fever,  and  that  the 
htalit;   has  fallen  more  in  towns    which    have  not 
itised    lioitjiitcU    isolation    than    in    those    which 
;  and  this  has  been  attributed  to  a  "  hospitalised 
of   scarlet-fever    in     the    latter     (Millard). 
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Hospital  isolation  has  also  been  criticised  on  the 
ground  of  "  return  cases  "  of  scarlet-fever ;  that  is, 
secondary  cases  of  the  disease  occurring  in  the  same 
household  after  the  return  home  of  the  primary  patient 
from  hospital.  These  have  been  found  to  be  about 
1  '3  per  cent,  of  the  number  discharged.  Simpson  has 
shown  that  80  per  cent,  of  such  return  cases  are  due 
to  discharges  from  mucous  membranes,  such  dis- 
charges being  in  all  probability  the  carriers  and  not 
the  causal  agents  of  infection.  Local  and  antiseptic 
treatment  combined  with  transference  to  less  infective 
wards  before  leaving  are  likely  to  be  more  effective 
in  preventing  return  cases  than  long  detention 
{Svm/pson), 

In  dealing  statistically  with  this  question  it  has 
to  be  remembered  that  we  know  nothing  of  what  the 
figures  would  have  been  in  the  absence  of  hospital 
isolation,  under  the  same  conditions  of  increasing 
density  of  population.  It  is  certainly  true  that 
scarlet-fever  has  not  been  eradicated,  and  the  milder 
type  of  the  disease  now  prevalent  (as  in  Sydenham's 
time)  adds  to  the  risk  of  undetected  cases,  in  which 
no  question  of  isolation  of  any  kind  arises.  The 
causal  agent  and  the  conditions  which  increase  or 
lessen  its  virulence  are  also  at  present  unknown. 

Broadly,  it  may  be  said  that  any  limitation  of  the 
spread  of  infection  by  personal  contact  must  reduce 
the  prevalence  of  the  disease,  and  that  therefore,  if 
rightly  managed,  under  proper  conditions,  hospital 
isolation  is  of  direct  and  marked  value  in  the  reduc- 
tion of  scarlet-fever.  The  only  alternative,  the  so- 
called  home  isolation,  affords  no  prospect  of  safety. 
Further,  it  must  not  be  forgotten  that  the 
isolation  of  cases  of  this  disease  in  hospital  prevents 
the  infection  of  milk,  houses,  clothes,  materials,  etc., 
with  the  virus  of  the  disease. 
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H  waste  matter  from  households  compriEea  (1)Ii(]iiid 
iuae,  including  water  used  for  washing,  and  slop- 
rater  ;    (2)  ashes,  and  vegetable  and  animal  refuse ; 
id  (3)  excreta. 
Drainage  is  necessary  for  dealing  with  the  first,  and 
le  Byatem  of  dry  removal  for  the  second.      The 
l^creta  may  be  dispoaed  of  in  conjunction  with  the 
former  ("  water-carriage  "),  or  with  the  latter  (privy- 
middens,  aBh-cloeets),  or  independently  (earth-closets, 
privies,  or  ptul-closets  without  admixture  of  ashes). 
DrHiaag'e. — A  drain  means  any  pipe  used  for 
rainage  of  one  building  or  premises.      A  sewer 
drain  receiving  the   drainage  of  two  or  more 
iaes.     The   former  is  vested  in  the  owner,  the 
in  the  S.A, 

Drains  are  intended  to  remove  from  the  house 
the  liquid  and  much  of  tlie  solid  filth  that  is  pro- 
duced within  it,  and  they  should  he  so  constructed 
o  circumstances  can  their  contents,  liquid, 
gaseous,  escape  from  them  at  any  but 
points  specially  provided  for  this  purpose.  This 
It  is  attained  by  the  choice  of  proper  materials  for 
their  construction  and  by  sound  workmanship,  by 
trapping  all  inlets  so  as  to  prevent  tho  egress  of  drain- 
gases,  and,  lastly,  by  efficient  ventilation  at  suitable 

A  irap  in  its  simplest  form  is  a  mere  bend  in  a 
pipe  which  retains  water  and  thus  prevents  air  frow, 
passing   through   it.      For   this   purgoac  \'t  ^a   ^'Q^j 
Hj  that  tlin  fend  shall  be  sufficient  to  ■5\acB  aooM 


I        passing 
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portion  o£  the  upper  surface  of  the  pipe  below  the  water 
level,  the  seatoi  the  trap  being  the  difference  between 
the  surface  of  the  water  and  the  depression  at  this 
point.  Thus,  in  the  diagram  (Fig.  10),  the  seal  is 
the  water  between  a  and  b. 

A  water-seal  alone  will  not  always  prevent  the 
ind  particulate  matter  through  it 
Gases  in  the  drain  can  be 
absorbed  by  the  trapping  water 
and  given  off  from  ite  upper  sur- 
face. Ammonia  has  been  found 
to  become  perceptible  through 
unbroken  trap  in  fifteen 
I  minutes.  Moreover,  when  the 
water  remains  stagnant,  bubbles 
I  of  putrefactive  gases  may  be 
formed,  and,  by  their  bursting, 
particulate  matter  may  be  dis- 
.  charged.  Occasional  changing  of 
the  trapping  water  is  necessary, 
and  the  drain  must  be  ventilated 
to  prevent  its  air  contents  from  becoming  too  foul,  or 
subjected  to  so  much  pressure  that  the  water-seiil  is 
forced.  A  trap  to  fulfil  all  these  requirements  must 
be  self -clean  sing  and  must  maintain  an  effectual  seal 
between  the  drain  and  the  outer  air.  For  the  former 
purpose  it  mast  be  free  from  all  angles  and  comers 
that  can  retain  filth,  and  for  the  latter  it  must  have 
a  water-seal  not  less  than  1^  inch  deep. 

The  seal  is  liable  to  be  broken  by  a  number  of 
circumstances.  First,  pressure  within  the  drain  may 
force  its  air  contents  through  the  trap.  This  can  be 
preventeil  by  ventilation  of  the  drain.  Secondly,  if 
the  momentum  of  the  water  discharge  be  gi"eat,  the 
water  m  the  trap  may  be  driven  out  Tliis  can  be 
obviated  by  shaping  the  trap  so  that  the  water-holding 
"""'      's  contracted,  and  the  de8ce-n.dm%a.vm\s\!w^et 


portion  it 
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and  square  at  the  oatlet.  Thirdly,  if  the  descending 
arm  is  long  and  runs  full  it  may  empty  the  trap  by 
siphon  action.  This  can  be  avoided  by  ventilating  the 
top  of  the  trap  beyond  the  seal.  Fourthly,  the  same 
result  will  sometimes  follow  when  two  or  more  pipes 
are  connected  together,  the  discharge  from  one  sucking 
out  the  water  from  the  trap  of  the  other.  This  can 
be  prevented  in  like  manner.  Lastly,  the  seal  may 
disappear  by  evaporation,  if  the  trap  is  little  used. 

Drainage  of  the  subsoil  of  a  house  is  not  necessary  in  all  cases, 
but  when  the  site  is  damp  some  provision  of  the  kind  should  be 
made.  The  drain  laid  for  this  purpose  should  consist  of  suit- 
able earthenware  pipes  with  the  joints  left  open,  and  laid  to  a 
proper  outfall,  preferably  in  the  open  air,  but  if  into  a  drain 
connected  with  the  sewer,  the  connection  should  never  be 
direct.  The  subsoil  drain  should  always  discharge  into  a 
trap,  and  should  be  ventilated  at  or  near  the  trap  by  a  shaft 
or  upright  pipe  carried  above  the  surface. 

.  The  drain  must  be  laid  with  a  sufficient  fall 
for  the  purpose  of  enabling  it  to  clear  itself  of  its 
solid  and  fluid  contents,  and  it  is  generally  accepted 
that  this  should  be  one  in  forty,  giviag  a  velocity 
of  flow  in  a  4-inch  drain  of  about  3  feet  per  second.* 
Further,  in  discharging  into  a  sewer,  the  dniin  should 
be  connected  with  the  lower  half  diameter  of  the  sewer. 
The  drain  should  be  constructed  of  glazed  stone- 
ware pipes  with  cemented  watertight  joints,  or 
preferably,  if  the  drain  be  beneath  a  building,  of  iron 
pipes  (of  which  the  interior  has  been  coated  with 
Angus  Smith's  solution)  jointed  with  lead.  In  all 
circumstances  the  drain  should  be  laid  on  a  bed  of 
concrete,  and  if  it  be  made  of  any  other  material 
than  iron  the  whole  drain  should  be  embedded  in 
concrete.  It  is  customary  to  use  drains  having  a 
diameter   of    6    inches,  but  a   four-inch  diameter   is 

*  Maguire'*   "decimal"  rule  is  convenient  but  not  iuvariablY  yttc- 
ticable ;  1  in  40  in  a  proiier  (all  for  a  4-mch  p\ve,  \  \w  ^  lox  «l  Vvwcfe.  ^vvt-, 
J  in  90  for  a  9-iDch  |»i'f  ic. 
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frequently  sufficient  for  houses  of  moderate  size.     It 
should  never  be  less  than  this. 

As  a  general  rule,  the  drain  should  not  be  laid 
beneath  a  building,  but  in  the  case  of  terrace  houses 
it  is  often  impossible  to  adopt  any  other  plan.  In  this 
situation  the  drain  must  be  laid  in  a  direct  line 
beneath  the  building  and  be  embedded  and  covered 
in  concrete  not  less  than  6  inches  thick ;  the  top  of 
the  drain  at  its  highest  point  must  not  be  less  than  a 
distance  equal  to  the  full  diameter  of  the  drain  below 
the  surface  of  the  ground  under  the  building.  Means 
of  access  should  be  provided  outside  the  house. 

An  important  point  in  connection  with  drain  con- 
struction is  the  prevention  of  air  from  the  sewer 
passing  into  the  drain,  or  from  the  drain  into  the 
house.  The  former  of  these  risks  is  guarded  against 
by  the  insertion  of  a  trap  in  the  drain  (interceptor) 
as  near  as  possible  to  the  point  of  its  connection  with 
the  se^er.  Such  an  interceptor  is  usually  pro- 
vided with  a  "  raking  arm "  into  the  drain.  The 
drain  should  be  ventilated  immediately  on  the 
house  side  of  the  trap,  by  a  shaft  carried  up  above  the 
ground  level  ;  this  will  serve  a  double  purpose,  by  ad- 
mitting fresh  air  into  the  drain,  and  also  affording  a  free 
outlet  in  case  the  trap  is  forced  by  pressure  of  sewer  air. 
The  opinion  appears  to  be  gaining  ground  that  if 
drains  are  properly  laid  in  concrete,  and  the  ventilat- 
irjgpipe  is  carried  up  above  the  roof,  interceptors  are 
not  necessary  ;  that  if  the  ventilating  pipe  of  every 
house  drain  (whether  soil  pipe  or  not)  acted  as  a 
ventilator  to  the  sewer,  the  amount  of  foul  air  escaping 
would  be  so  thoroughly  and  widely  distributed  as  to 
create  no  nuisance ;  and  that  the  interceptor  may  cause 
stoppage  of  the  drain,  especially  if  the  gradient  be 
slight.  It  should  be  added  that,  as  a  rule,  bye-laws 
require  an  interceptor,  with  access  thereto.  A 
more      complete     and     necessarWy    a.    ih\ot^    cc>^\X>3 
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K.AminK^nient  is  that  of   an  titupecttort  clutnjier  at  this 

^woint    (Fig.    11) ;     th»   ilratn   is    continued    through 

'a  chamber  in  eartlienware  (.hannels,  and  the  arm  m 

)  trap,  wJiich  is  intended  to  allow  the  drain  to  be 

ideaFcd  between  the  trap  and  the  sewer  is  extended 

IfLto  the  chamber.     Dranch  drains  are  Lomiected  uith 

in  channel  by  branch   channels  m  the  floor  of 

B  inspection  chaitibci 

In.  connecting  drumB  with  out-  anuther,  no  right 


^^^gpemi 


igle  joints  must  ]«  formed,  either  vertical  or  hori- 
ZontaL  They  must  be  made  to  join  obliquely  in  the 
directiou  of  the  flow. 

The  second  risk,  tliat  of  air  from  the  drain  entering 

guarded  against  (!)  by  ventilation  of  the 

;  (2)  by  trapping  all  inlets   to  the  drain,  except 

lose  required  for  its  ventilation  ;  (3)  by  trapping  ami 

innecting  all  indoor  drain  inlets ;   (4)  by  proper 

itings  and  efiicieut  plumbing. 

The  proper  ventilation  of  the  drain  is  secured  by 
continuing  the  soil  pipe  in  ite  full  diameter  above  the 
level  of  the  roof.  By  this  meann  air  entetuv^t-j  ^jVi& 
tite  tmp  in  the  main  i\nuM  CB.n  i^iiss  Bi.'iT\% 


the  he 

^Hjikrain 

^^^fflntii 
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Fig.  lO.-Tard  GuUy. 


the  whole  drain,  and  issue  from  the  soil-pipe.  The 
openings  referred  to  must  be  covered  with  suitable 
gratings  to  keep  out  leaves  and  dirt,  and  to  prevent 
birds  from  building  nests  in  them,  the  open  spaces  in 
each  grating  being  at  least  equal  to  the  section  of  the 
pipe  thus  covered.  The  sectional  area  of  the  venti- 
lating pipe  should  not  be  less  than  that  of  the  drain 

which  it  ventilates. 
Soil     pipes 
should   be  situated 
on  the  outer  walls 
of  the  house,  and 
their  junction  with 
the  drain,  often  a 
weak  point  in  con- 
struction, will  then 
be      outside      the 
house.     If  through 
any    accident    the 
junction  of  the  soil  pipe  with  the  drain  should  be 
opened,  the  escape  of  gas  will  be  into  the  open  air. 

Whether  the  soil  pipe  is  used  for  the  purposes  of 
ventilation  or  not,  bends  in  its  course  should  be 
avoided  as  far  as  possible.  As  a  general  rule,  the 
diameter  should  be  4  inches.  Iron  and  lead  are  both 
used ;  lead  is  more  expensive  but  more  durable,  and 
free  from  joints  that  may  become  loose.  Rolled  (i.e. 
seamless)  lead  is  necessary  if  the  soil  pipe  is  inside 
the  house. 

The  old  practice  of  trapping  the  foot  of  the  soil 
pipe  is  inadmissible,  since  it  prevents  ventilation  and 
impedes  the  escape  of  sewage. 

Waste-pipes, — The   overflow  of  a   cistern  should 
simply  be  carried  through  an  external  wall  to  dis- 
charge in  the  open,  so  that  no  drain  gases  can  enter 
the  cistern,  and  waste  of  water  from  faulty  apparatus 
js  at  once  seen.      But  the  touVv/ateT  \4«is»\,t^  oH.  ^mV^^ 
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lavatories,  nnd  baths  must  be  differently  dealt  with. 
Slop-Eunka  used  for  disposal  of  urine  must  lie  treated 
as  water-closets,  but  all  other  wastes 
loiild  be  made  to  discharge  over 
wjiped  gullies  in  the  open  air.  Such 
meclion  renders  it  impossible  fur 
*  from   the  drain  to  eater  the 


1 


A  ndtSible  form  of  guUj'-trap  is  slionn 
Kg.  12.  Here  the  waste  pipe  diachiirgea 
~  ""  a  aide  opeciag  beneath  the  grating, 
TB  the  wtttec  in  the  trap.  The 
iting  muBt  be  large,  witb  a  Erae  opuaiiig 
]t  aonatantt;^  clear,  or  elttu  tho  primary 
■ject  of  diBooniiectioii  ia  lost.  Mors  commonly  the  waele- 
i^pe  pours  oxer  the  grating,  with  ntoie  effective  diBconnec- 
tioa  but  eome  risk  of  epLuibing.  Neither  oF  thsEs  methuda 
oompbes  with  the  requircmenta  ol  the  Model  Bye-laws  thitt  the 
mwto-pipe  HhuU  discbargu  over  a  cbnimol  leading  to  a  trapped 
gntly  grating  nt  least  IS  inches  away. 

Waate  pipes  should  alwa^  s  be  trapped  and  the  trap  aituutod 
■0  near  aa  posBible  to  the  emk  or  bath  Thi  mtenor  of  tho 
pipe  becomes  coatoi  with  de  oinposing  soap  or  fat  wh  ch  la 
Itwlf  offenaive  the  higher  temperature  al  the  inlcrior  of  the 
~  BO  leadi  to  an  offGuaiVL  in  dn  ught  through  an  untrap^ed 
I,  atill  mere  marked  after  the  pipe  has  been  h  aha  by 
;harge  of  hot  wati^ 

'  ooD^euient  furm  ({  trap  le  one  ahap  d  bko  an  S  (Kig 
I  10)    and  htted  with  u  octew  at  ita 

lowest  point  bj  the  rrmoial  of 
which  it  la  possitle  to  cluMnse  the 
trap  Where  the  moroentuni  of  the 
water  die  harge  la  great  a  ueeful 
modifidition  of  Ih  trap  la  thut 
shown  lu  F  g  \i  hy  whii-h  the  un 
sealing  ol  the  trap  is  prevented 

tit,.  H.    ui-ii  liap.  From   the   trap   the   waste 

sliould  be  carried  as  rapidly  as 

possible  through  the  wall,  and  then  descend  to  the 

gully,     When  the  wuste-pipe  ia  long,  ov  whew  two  (s'c 

mom   lyastc-pipea   are  cuiinocted,   Vf;nt\\».\AQTv   lA   'Oa«. 


r 
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trap  ia  needed  to  prevent  aiphonage,  and  is  effected  by 
an  flir-pipe  passing  from  the  top  of  the  trap,  beyond 
the  seal,  to  the  open  air.  The  common  "  liell  trap  " 
shown  in  Fig.  14  is  open  to  more 
than  one  objection  ;  the  depth  of 
the  seal  ia  inadequate  (aliout  J 
inch) ;  it  readily  becomes  choked 
with  grease,  being  far  from  self- 
cleansing,  and  as  a  result  the  grat- 
ing is  often  removed  to  Jet  the 
water  pass  away,  and  on  each  such 
occasion  the  waste -pipe  is  un- 
trapped. 

The  D-trap  shown  in  Fig.  23  is 
the  worst  of  all,  as  it  readily  becomes  lilthy,  and 
always  leads  to  the  retention  of  a  large  amount  of 
offensive  matter. 

In  large  households  tha  gully  into  which  the 
scullery  sink  waste  discharges  is  liable  to  become 
ohoked  by  sand  and  grease  (solidifying  on  cooling). 
In  such  cases  frequent  cleansing  is  essential.  A 
"grease-trap"  (i.e.  a  gully,  so  constructed  that  th« 
outflow  of  liquid  is  not  prevented  by  Holid  accumulfl 


sometimes  discharged  into  the  head  of  a  large  pipe, 
wiJch  may  or  may  not  also  receive  rain-water,     l^rt 
receives  disconnection,  bwt  ia  lialile  to  ca 
by  foiiliag  of  tlie  large  \iipo  mt\\  aws.'^att&a  mA  ^ 
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A  better  arrangement  is  to  cany  the  waste  directly 
to  the  gully,  due  precautions  being  taken  against 
siphonage.  A  waste-pipe  of  IJ  inch  diameter  is 
sufficient  even  for  baths,  and  if  two  or  more  be  joined, 
they  may  discharge  into  a  somewhat  larger  pipe;  a 
ventilating  pipe  being  carried  from  the  upper  end 
of  the  common  pipe  to  some  convenient  position  above 
the  level  of  the  windows. 

Th^  rainrwater  pipe  should  not  be  used  as  a  soil 
pipe,  or  as  a  venti- 
lating pipe    to    the 
drain.         Thorough 
ventilation    of    the 
drain  is  most  needed 
at   times    of    heavy 
rain,  when  the  rain- 
water pipe  is  least 
able  to  act  in   this 
way ;    and    as    the 
rain-pipe  cannot  be 
carried     above     the 
eaves  of  the  roof,  it 
often  discharges  its 
air  contents  too  near 
to   a  window.     For 
the  latter  reason  this 
pipe  should    not    be  connected  with    the    drainage 
i^stem,  but    should    be   made   to    discharge   over  a 
trapped  gully  or  a  channel  leading  thereto.       It  is 
well  that  a  waste  pipe  in  frequent  use  should  discharge 
into  the  same  trap,  thus  avoiding  risk  of  unsealing  by 
evaporation  in  dry  weather. 

In  small  houses  the  ordinary  discharge  of  liquid  is 
usually  sufficient  to  scour  the  drain  and  make  it  self 
cleansing,  but  where  necessary  this  can  be  su implemented 
by  a  fluali-tankf  periodically  discliargmg  \ta  <iOTA«v!L\.'& 
into  the  drain  (Fig,  1 7),     This  is  a  ciatenv  coiv\aIm\si%  ^ 


Pig.  17.— Plush-tank. 
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large  outer  tube  closed  at  the  upper  end  and  in- 
verted over  a  small  inner  tube  A  B,  thus  forming 
a  siphon.  A  B  is  open  at  the  top,  and'  passes 
vertically  down  through  the  tank,  to  dip  slightly 
under  the  surface  of  water  in  a  chamber  below 
the  tank,  the  water  in  this  lower  part  being  kept 
at  the  required  level  by  meahs  of  a  weir,  practic- 
ally forming  a  D-trap.  As  the  water  rises  in  the 
tank  from  the  discharge  into  it  of  a  tap  or  a  drain, 
some  of  it  eventually  runs  ovqt^  the  top  of  the  tube 
A  B  ;  carrying  with  it  air  which  is  forced  through  the 
water  at  B,  and  cannot  return ;  siphon  action  is 
started,  and  the  whole  contents  of  the  tank  are 
emptied  into  the  drain. 

Testing  of  drains  and  soil  pipes  can  be  most  effectually  done 
by  means  of  (a)  the  water  test.  For  the  purpose  of  testing  the 
horizontal  drain,  a  plug  is  inserted  at  that  portion  of  the  drain 
which  is  near  the  intercepting  trap  intervening  between  the 
drain  and  the  sewer ;  the  drain  is  then  charged  with  water, 
care  being  taken  to  see  that  there  is  no  leakage  through  or  at 
the  side  of  the  plug,  and  the  water  is  allowed  to  fill  the  drain 
to  the  top  of  one  of  the  surface  traps  connected  with  it.  At  the 
end  of  from  half  an  hour  to  an  hour  the  maintenance  or  subsi- 
dence of  the  water  level  in  this  trap  will  show  whether  there  is 
any  leakage.  In  testing  a  large  system  of  drainage  it  is 
necessary  to  take  each  section  separately.  In  testing  soil  pipes 
with  water,  the  plug  must  be  inserted  at  the  bottom,  and  if 
several  water-closets  are  connected  with  the  same  soil  pipe  the 
trap  of  each  must  be  plugged. 

(b)  Smoke  pumped  into  the  drains  previously  plugged  in  the 
same  way  serves  also  as  a  useful  test.  The  process  must  be 
continued  until  the  smoke  is  seen  issuing  from  the  soil  pipe  or 
ventilating  pipe,  and  if  several  of  these  are  connected  with  the 
same  drainage  system  it  is  necessary  that  each  must  be  plugged 
at  the  top  as  smoke  issues  from  it  until  the  whole  system  is 
charged,  care  being  taken  to  prevent  the  smoke  from  being 
forced  through  the  traps  ;  smoke  in  these  circumstances,  when 
there  is  leakage,  soon  finds  its  way  into  the  interior  of  the 
Iioase. 

(c)  Peppermint  was  formerly  naed  in  the  same  way ;  two  or 
more  ounces  of  the  oil  was  either  poxxxed  ^ovm  a.  ^oW.  ^v^^  V^V 
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iown  some  tiap  situated  outside 
loil  ilrain  ihe  SLsnt  oE  the  oil  of 
^irmiot  found  its  way  into  the  house  in  the  event  of  de- 
'H  pipes.  Chemical "  testera  "  such  a^  Kemp's  or  Kingzett'fl 
ow  oommoniy  used.     These  ave  composed  of  some  Btrungly 


[moiling  ohemifjul,  e.o.  calcium  phosphide^  which,  wh^  moiflt, 

IsVoItbs  phoaphoietted  hydrogen,  and  when  tho  tester  is  wnahed 

1o  tha  drain  over  tho  trap,  the  water  aoaita  tlio  paper  fastener, 

1  ihe  spring  bein^  liborated  thBce~'"~' ti  .v- s — -,_ 

le  defwtf  I's  the  odour  escapes  into 
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1  The  surfaces  of  the  ivater-closet  must  be  non- 
absorbent,  and  in  its  shape  and  capacity  the  basin 
must  be  able  to  receive  the  water  that  is  discharged 
into  it,  and  to  allow  all  matter  it  receives  to  fall 
directly  into  water  without  soiling  the  sides.  In  both 
the  valve  closet  (Fig.  18)  and  the  wash-out  pattern 
(Fig.  20),  water  is  held  in  the  basin  independently  of 
that  in  the  trap  below.  In  the  one  case  it  is  held  by 
a  movable  valve,  in  the  other  by  a  fixed  dam,  over 
which  the  contents  are  carried   by  the  flush.      This 

last  form  is  not  wholly  satisfac- 
tory. In  the  iilug  closet  the  valve 
or  dam  is  replaced  by  a  solid  plug, 
which  works  vertically  in  a  side- 
chamber  similar  to  that  shown  in 
Fig.  18.  Hopper  closets  are  of  two 
kinds;  the  basin  of  the  old  long 
hopper  (Fig.  19)  is  from  its  shape 
and  construction  liable  to  become 
filthy,  and  it  has  usually  a  bad 
flush ;  the  short  hopper  or  washdown 
(Fig.  21)  is  free  from  objection,  and 

^^^*vvUh~D4rap.^''^*'    possesses  the  advantage  of  a  large 

water  surface  owing  to.  the  form  of 
the  trap  being  such  as  to  allow  the  water  to  stand 
high  in  the  basin.      Added  to  this  there  is  a  deep 
water  seal,  and  the  cleansing  of  the  trap  is  greatly 
facilitated.      There  is  at  present  a   wholesome    ten- 
dency to  dispense  with  all  unnecessary  woodwork  and 
fittings,  and  to  reduce  the  closet  to  its  simplest  form. 
The   old  container  closet,  or  pan-closet  (Fig.   22), 
is  especially  objectionable,  and  is  prohibited  by  the 
ModeK  Bye-laws.     The  basin  discharges  into  a  large 
receptacle,  which  becomes  foul  and,   every  time  the 
va,]  ve  is  opened,  allows  polluted  air  to  escape. 
.  The  apparatus,  of  whatever  kind,  should  be  pro- 
vided    with  a   flushing  rim  \^\\\c\\  Oiwec^o^  \\\e>  ^vs.\.^t 
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fever  t)ie  whole  surface,  nnd  m.-iintuiiis  it  in  a  state  of 

Udeanlinoss.     It  is  essential  tlmt  the  flush  should  be  of 

wBicieut  volume  (not  less  than  two  gallons),  delivered 

■rith  sulhcieat  force  (und  for  this  purpose  the  pipe 

imust  not   be  less   than   I^  inch   in  diameter),    and 

"  roperly  directed  so  as  to  wash  the  basin  effectually. 

'  e  flush   must  on   uo  account  be  taken  from  a  ser- 

r  Tice  pipe  or  a  ciateni  that  supplies  water  for  house- 

iiold  purposes,  hut  from  a  special  cistern.     Oases  and 

\  even  filth  have  been  found  to  make  their  way  from 

I  tlie  closet   basin    up   the   (usually   empty)   delivery- 

^pipe. 

It  is  unnecessary  to  discuss  at  any  length  the 
[  traps  used  in  connection  with  water-cloaets.  The  S- 
Ji'^iip  is  liere  again  found  to  be  a  useful  form,  but 
I  '^ble  DQcasionally  to  become  unsealed  when  the 
I  momentum  of  the  water-discharge  is  great ;  for  this 
^reason,  therefore,  the  form  of  trap  (fig.  13)  recom- 
Kjueaded  in  connection  with  waste-pipes  to  obviate 
I  ibis  difBctilty  is  preferable.  The  D-trap  is  altogether 
lljraadmissible. 

Water-closet  traps  are  liable  to  become  unsealed  in 

l^e  same  manner  as  those  of  waste-pipes  (page  330). 

r  two  gr  more  discharge  into  the  same  soil  pipe, 

mtilation  of  the  traps  is  necessary ;  the  ventilating 

|dpe  from  the  trap  of  tlie  lowest  water-closet  may 

he    ventilating    ])ipe    of    eacli    above,    and 

finally    connected     with     the    soil    pipe    above 

highest    water-closet,    but    while    this   arrange- 

I  permissible   it   is  frefjuently  preferable   to 

e  antisiphonage  or  ventilating  pipe  indepen- 

m^y  above  the  roof. 

A  closet  or    hath  on  an  upper  floor  is  usually 
tovided    with   a   safe    to    receive  any    overflow   or 
lasbiuga.     The    waste-pipe  from   the   na-fe  Toa.*^  \)% 
11    the  same    way    as   an   oVBtftiyw    ^toq^  •■, 
^  simply  carried   throug\\   an  es.Wv'nBS.  -«^ 
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and  made  to  discharge  a  few  inches  from  the  brick- 
work. 

Trough  closets  are  sometimes  adopted  in 
schools  or  factories.  A  long  trough  filled  with  water 
passes  beneath  the  seats  of  a  number  of  closets  placed 
side  by  side.  At  stated  intervals  the  trough  is  flushed, 
automatically  or  by  an  attendant,  and  the  contents  are 
carried  away  to  the  sewer  through  a  trap  at  the  outlet 
end.  The  automatic  flush  may  be  effected  by  a  tilt- 
ing receiver  placed  at  the  upper  end  of  the  trough, 
and  so  arranged  as  to  capsize  and  discharge  its  contents 
as  soon  as  it  becomes  filled  by  a  regulated  stream  of 
water  ;  or  still  better  by  a  flush  tank  fed  by  a  stream 
of  water  and  discharging  itself  into  the  trough  by 
siphon  action  as  soon  as  it  becomes  full.  In  either 
case  the  frequency  of  the  flush  can  be  regulated  by 
the  supply  of  water. 

In  waste-water  closets  the  flush  is  effected  by  the 
household  waste-water,  the  object  being  of  course 
to  avoid  the  expense  of  a  separate  water  supply. 
The  drainage  from  a  row  of  houses  is  conducted 
to  a  flush  tank  placed  at  the  end  of  the  row 
farthest  from  the  sewer.  From  the  tank  a  large 
pipe  drain  passes  to  the  sewer,  and  separate 
closets  are  placed  upon  its  course,  the  excreta 
simply  falling  through  large  vertical  drain  pipes 
into  the  drain  below,  and  remaining  there  until 
the  next  flush  sweeps  them  away  into  the  sewer. 
The  drain  has  a  siphon  trap  after  passing  the 
lowest  closet,  and  a  manhole  or  access  chamber  at 
the  same  point  for  use  in  the  event  of  obstruction. 

In  like  manner  the  waste-water  of  single  houses 

has  been  utilised  for  flushing  single  out-door  closets. 

For   closets   of  this  type,  which   are  known  as  slop 

closetSf    the  household    waste- water,    supplemented  if 

necessary  by  the  rainfall,  is  coWected  in  a  "  revolver," 

or  '^tumbler/'  an    earthenware  >7ea&ft\    N^otYwv^  ovi 
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pivots,  and  so  constructed  aa  to  overbalance  when 
f\ill,  discliarging  its  contents  foruibly  along  thft 
drain,  and  then  swinging  back  to  its  former  position. 
,  On  the  drain,  beyond  the  tumbler,  is  a  large  siphon 
trap,  and  the  closet  consists  of  a  wide  vertical  afiaft 
over  this,  BO  that  the  excreta  fall  into  the  water  of 
the  trap,  and  are  carried  away  by  the  next  flush. 

The  use  of  waste-water  for  flushing  is  attended 
with  practical  difficulties  from  the  over-concentration 
of  sewage,  and  the  liability  of  automatic  appliances 
to  get  out  of  order, 

Intormddiale  betweeo  UiQ  water-caniaga  imi!  dry  systemt 
coms  certain  Coatinental  aad  other  methods  which  may  ba 
described  briefly.  'Siiti  foste  ptrmantnU  is  a  Ltrgu  water-tigU 
nndergroiind  pit,  to  whiuh  pipca  from  the  cloaeta  Conduct  tbs 
excreta ;  the  pit  is  emptied  at  Ions'  inten'ats  by  Buclion 
throQgti  boas  into  an  air- tight  cart.  The/oMe  ■molnle  ia  aulosed. 
moTable  tab  placed  outaiJa  tha  hoiiBe,  and  connected  with, 
a  fixed  pipe  that  comcnunicatea  with  all  the  cIobqIs,  etc.,  in  tha 
bouBO ;  the  tub  is  simply  removed  and  replaced  by  anothar 
vrhonlall.  \a.  Litrmir' a  tystem  a  number  of  closats  ara  can- 
nectfld  by  raetinH  of  iron  pipes  with  an  air-tight  tank,  which  is 
at  intervals  exhausted  of  air,  so  that  the  excreta  ara  dram 

Ihry  systems  of  excreta  removal,  otherwise 
known  as  "  conservancy  systems,"  include  priviex^ 
ftail-closels  (with  or  without  ashes),  ash-elosats,  and 
dry  earth-clogeU.  In  some  localities  privies  are  callnd 
earth  closets,  but  this  use  of  the  term  is  misleading. 

The  privy  and  ashpit^  or  midden  system,  whioh 
is  still  employed  in  certain  towns,  and  in  most 
rural  district*,  aims  at  the  deodorisation  and  drying 
of  the  excreta  by  admixture  with  ashes.  The  beaj  , 
construction  is  that  of  a  small  watertight  pit,  not 
drained  but  roofed  over  to  exclude  rain,  and  so 
arranged  that  the  excreta  and  ashes  become  thoroughly 
mixed.  For  this  pm'pose  either  the  ashes  must  tia 
thrown  in  through  the  closet  se.a,t,  -w^vvJa  "(avj  'V» 
hinged  so  as  to  be  lifted  en   jtuisbc,  ov  e\sa  0.  "*vw*^T< 
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or  sloping  slab  must  conduct  one  or  the  other  to  a 
common  point.  The  floor  should  be  smooth,  and  raised 
a  few  inches  above  the  level  of  the  adjoining  ground. 
Very  few  middens  fulfil  these  conditions,  however. 

The  contents  ought  to  be  removed  at  fixed  short 
intervals  by  the  S.A.9  and  the  work  should  be 
done  at  night  or  early  in  the  morning  so  as  to  minim- 
ise the  nuisance.  Unfortunately  it  is  still  common 
to  leave  the  emptying  of  ashpits  to  contractors, 
or  even  to  the  owners  and  occupiers,  and  the  interval 
is  frequently  several  months  instead  of  a  week,  as 
prescribed  by  the  Model  Byelaws. 

Privies  alone,  without  admixture  of  ashes  or  other 
deodorants,  are  also  met  with.  The  receptacle  should 
be  small,  and  its  contents  frequently  removed,  but  at 
best  the  system  is  more  offensive  than  when  ashes  or 
earth  are  added. 

Pail'  or  ivh-cloBeis  are  simply  miniature  pri- 
vies, in  which  the  pit  is  represented  by  a  movable 
pail  placed  beneath  the  closet  seat.  The  full  pails 
are  removed  and  replaced  by  clean  empty  ones  at 
regular  intervals  not  exceeding  a  week.  Close-fitting 
covers  should  be  used  during  removal  of  the  full  pails. 
There  are  several  modifications  of  this  system.  On 
the  "  Rochdale  system "  the  pails  contain  excreta 
alone,  while  in  some  towns  the  ashes  and  other  dry 
household  refuse  are  added ;  or  the  ashes  are  thrown 
upon  a  sifter,  and  only  the  fine  ash  falls  into  the  pails  ; 
or  the  Goux  system  is  used,  the  cleansed  pails  being 
lined  with  a  dry,  absorbent  packing  of  compressed 
peat  or   like  substance. 

In  Morell's  cinder-sifting  ash-closet  the  ashes  are 
thrown  in  by  a  separate  opening,  and  by  a  simple 
automatic  arrangement  are  sifted,  so  that  only  the  fine 
ash  falls  upon  the  excreta,  the  cinders  finding  their 
way  to  a  separate  chamber  for  fui*ther  use  as  fuel. 
The   receptacle   is   permanent    and    in   this    res{>ect 
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^^Hresembles  a  piivy  rather  than  a  pail-closet,  but  it  is 

^^nmall  and  so  art'iiuged.  a.H  to  be  readily  emptied  by  a 

^^P'l^Kicial  opeuiag.     Taylor's  cloiiet  is  somewhat  sioiilar 

in  principle,  but  tlie  urine  is  collected  separately. 

Dry  eartlt-cloiicta  ha,ve  a  Hiiiall  receptacle,  (ixed  or 
movable,  beneath  the  closet  sent.     Clean,  dry  earlih 
-,^About  IJ  lb.)  ia  thro\¥ii  iiimn  the  excreta,  either  by 
Ijband  or  by  automatio  delivery  from  a  hopper,  every 
i  the  closet  ia  used.     A  constant  supply  of  fine 
_'  earth  ia  needed,  ordinary  mould  being  the  beat, 
iDwing  to  its  riclmesa  in  nitrifying  organisms.     Sand 


Destin II ti on.— Water- carried  excreta   pass  into 

ordinary  sewers,  and  their  ultimate  disposal  will 

ooneidei'ed  in  another  section. 

Poiis  are  emptied  and  cleansed  at  a  central  depdt, 

1  Hre  then  I'eady  for  fui-ther  use.     Their  contents 

Bont  into  rural  districts  as  manure,  either  in  the 

irude  state  or  after  conversion  into  "  poudrette  "  by 

ing  and  other  treatment.     For  the  manufacture 

Spf  poadrette  the  excreta  (free  from  ashes)  are  heated 

'n.  revolving  cylinders,  ao  as  to  drive  ofl"  the  moisture. 

lulphurio  acid  is  often  added  to  tix  the  ammonia. 

Contents  of  ashpits  are  commonly  sent  away  at 
once  into  the  country.     The  refuse  of  asli-closets  or 
I         pail-closets  is  also  available  as  manure, 

The  eartii  from  earth-closets  can  be  dried  and  used 

again  and  again,  and  finally  restored  to  the  garden  or 

^^   field.      The  organic  matter  disapjjears  by  nitrification. 

^^P        Conipnriitive    advaiiitng'es    or  tvatcr-car- 
^^Lliage  and  dry  systems:— 


Hygienic. — Water-carriage  is  Ijy  general  consent  the 
LOet  latiUHCtoi'j  in  houaea  of  the  better  class,  where  oleanlineaB 
id  freedom  fi'ODi  effiuviu  ore  tte  main  cunBideraCions,  and  due 
use  am  bo  reliod  upon.  The  eitrHla  are  at  once 
Hj;ht  anuy  from  Iha   pi-emiutjs,      Water-clttsetB  may 
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Nifely  be  constructadpmotii^IlT  vithin  tlic  hoaso,  a  matter  qj  ^H 
great  convenionce.  The  objeotion.  lliuC  tlis  aawera  mcoiva  thJ^^^| 
flpeciflc  poiflon  ol  enteric  and  otlier  fevers  may  be  met  by  thfl  ^H 
086  of  disinfeotantB,  and  baa  not  yet  been  proved  to  bs  ^H 
weighty.  IthusbsBn  urged  tfaat  indoor  water^loeeta  nffoid  ^H 
facilities  fur  the  eDtmnce  of  sewer  air,  eapecially  in  the  case  ol  ^| 
obstniction  of  the  sewera  by  floods  or  other  causes.  Indeed,  it  ^^k 
has  boon  obeorrad  in  more  than  ono  onljjric  outbreak  that  the   ^^k 
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inmateB  of  large  watar-cloapt  houees  upon  high  ground  anfferad 
more  than  the  poorer  inhabitants  of  lower  districts  wilil 
outdoor  closots.  This  danger,  however,  can  scarcely  occur 
aniens  tbere  \m  grave  defect  in  conatmction  or  management, 
and  it  extends  equally  to  indoor  sinks.  As  applied  to  poorer 
dwellings  water-closets  often  fail.  Owing  to  carelessneas  or 
miauBe,  the  mechanism  becomes  deranged,  or  Hushing  it 
neglected,  and  the  drains  become  choked  by  bulky  objects 
improporly  introduced  into  them.  Automatic  flush  ulosc' 
trough  eloBets,  and  even  slop-cJooeta,  if  kept  under  auperviaio 
are  to  a  great  extent  free  from  this  objection,  since  tbey  a_. 
jiot  liable  to  become  denmged  by  caielessnasa  on  the  part  oi 
those  using  Uiem.  Water-closed  of  ordinary  coostruction  an 
made  serviceable,  even  in  honses  of  the  poorest  clsas,  bv 
careful  Bupervision  on  the  part  of  the  8.A.  Neglect  oE  band 
flushing  may  be  met  by  automatic  mocfaaoi^m  connected  with 
the  door  or  the  eaat.  The  water-supply  of  outdoor  cloaeta  i» 
liable  to  be  stopped  by  frost,  but  this  rarely  happens  if  the 
cistern  and  pipes  arc  properly  cosed. 

PHtibb  and  ashpits  are  being  abandoned  in  moat  town*, 
although  atill  almost  inevitable  in  country  diatriola  where 
there  is  neither  ciScient  drainage  nor  organised  scavcnginfl. ' 
The  retention  of  large  quantitiea  of  excreU  and  other  organio 
matter  near  dwellings  is  in  itself  objectionable,  and  tho 
nuisance  becomes  great  at  the   time  of   clearin;;   out.     It  i*. 

Srobable  that  such  an  arrangement  favours  Iho  spread  uf 
isenses  that  have  relation  to  filth,  and  eapecially  those  in 
which  the  poison  ia  contained  in  the  excreta.  Tha  caa» 
boeomus  worse  when,  as  almost  invariably  happens,  the  pik 
leaks  and  allows  its  contents  to  pollute  the  soil  and  the 
subsoil  water. 

Pail-closets  have  the  advantage  of  estreme  airoplicity,  n 
cannot  bo  deranged  by  carelessness  or  anything  short  of  wilful 
destruotioii.  Although  not  removed  instantly,  as  in  water* 
closets,  the  eicrela  remain  near  the  dwelling  for  a  few  days 
only,  instead  of  pntrefying  for  weeks  or  months  as  in  middens. 
The  wcpkly  or  semi-weehly  visit*  of  the  scarongots  ensure  a 
cerlfiiu  di'greo  of  okanlintss,  apart  tioin  tiie  mere  substitution 


I.  IX-l  D/SPOSAL   Of  EXCKEMEXT.  347 

of  cleansed  pails.  It  U  clsimei  that  in  tbs  vvont  uf  auoh  dis- 
easa  as  cntoticfeverocconing,  IhepHUand  thsir  ountonta  «n 
be  diamfecteJ  ;  nnfurtunately  not  all  tba  inloctive  mnthtr  ia 
thrown  into  ibe  closet,  ami  at  best  its  disinfection  ia  any  tru« 
•ease  would  bv  difficult :  but  it  is  quite  possible  to  adopt  the 
■imple  precantien  oE  supplying  spedall}-  marlisd  puiU  to  in- 
fei-tod  households,  and  crenutiag  the  contents  of  such  inula 
when  collected.  Fail-close(E  that  receive  oicrotn  only  an  in- 
evitably ofienslve,  however  frequently  changed.  The  addition 
at  asb^  losscas  the  effluvia,  and  the  avaia^  lunouat  ot  aih 
produced  fay  an  arCiata  houaL'hold  ia  lound  to  be  sufBcJout  (or 
tbc  pi;ipoBe. 

Dry-earth  cIo«ots  are  convenient  and  free  from  effluvia. 
The  difficulty  of  onnuring  a  cunsbint  aiipply  of  suitable  dry 
eanh,  and  of  removing  the  products,  has  hitherto  prevented 
their  adoption  in  towns.  In  rncnl  districts,  where  those 
difficulties  do  not  exist,  they  offer  greitt  sdvantagiss,  but  can 
only  succeed  when  used  with  C4ire  and  kept  under  supervision, 

2.  Econamie. — Water-carriage  invotves  some  (.met,  oithar  to 

the  iadividusl  or  to  the  public,  in  the  u.itra  consumption  of 

iter,  altjiough  this  objection  does  not  apply  to  ihose  systanu 

which  the  diiahing:  is  effected  by  the  household  wuste  water. 

r  Dmina  and  sewers  have  ta  be  provided  in  any  cbsh,  bo  their 

r   coat  cnnnot  bii  chiirgcd  to  the  account  of  water-carriage  systcma. 

'  The  increased  volume  of  sewage  in  water-closot  towns  or  di«> 

'   tricta  is  far  less  material  than  ia  generally  nsiumed,  and  forms 

oat  onlya  small  fr&ction  of  the  enormoua  volume  derived 

ironi  rainfall,   suil   drainage,    househuld   waste   water,   trade 

elllunnta,   nod   other  sources.      It  baa  been   Tound  that  th« 

addition  ot  wnter-closat  sewage  scurcely  iilturs  tho  cbomioal 

composition  of  the   average  sewage  of  a,  town.     Hnnoo  the 

necexaity  ot  treiitini>;  the  sewage  by  irrigation  or  other  meitu 

is  quite  independent  of  the  admiision  ol  wator-borne  cicrobi 

to  the  tev/eTB. 

Water-carriage  obviates  some  part  of  the  enpeiiso  of  thn 
scavonging  re<|uired  by  tho  pail-closet  system,  but  there  mu*t 
still  bo  a  costly  organisation  for  collecting  tho  dry  houwhold 
refuse,  which,  without  the  addition  of  excreta,  is  an  unuilaultle 
commodity,  and  further  BipHose  is  thoroforo  incurred  in  dl«- 
pa»ing  ot  it  after  collection. 

A  similar  objection  is  often  urged  from  the  theoroticNl  side, 
namely,  tha,t  the  enormous  dilution  of  eiomtu  b^  wnter  roodeni 
it  difficult  or  impoisiMe  to  recover  them  again  for  maDurial 
purposes,  anil  henco  thu  soil  is  steadily  impoverished  by  dn- 
priving  it  of  what  fhoirld  naturally  1m  leturncil  to  it  in 
exchange  fur  the  cri>p9  that  it  yields,     Vivian  Poutu'b  diulunt 
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was  that  the  proper  dastiEy  ai  organic  rcFuae  is  imiiie{liiite 
burial  juBt  below  the  Burfaoe  of  Ihe  soil,  unci  on  this  principle 
hB  objected  to  w&ter'Ciirriage.  Ttaia  argumeot  hai  noma 
weight  oa  bearing  upon  the  etiU  eommon  practice  of  poarinj 
the  sowttgo  ot  town!  into  rivers  or  into  the  sail. 

From  the  purely  financiiil  point  o(  view  Iha  nhjectionabla 
midden  Bystem  prubably  coats  lera  Lhan  anj-  other.  . 

The  paU  Bvatem  involves  H  heavy  initial  outlay  in  buildings 
and  plant,  and  an  expensive  atafl  to  nuuiago  it  olBuiently.     Oa 
Uie  other  band,  lome  purt  of  the  expenas  is  recxtupcd  by  the 
B«Io  of  nmnure,  and  a  soavenging  statE  mnat  in   any  oircum'    . 
staDcea  be   maintained  for   the  ninnaval  0!  Jry  refuse.     Tha    , 
market  value  of  the  excreta  is  greater  if  unmixed  with  aahoa,    | 
bat  it  is  qtiBStiODBble  if  the  ^in  is  aulticieDt  to  oumpenBate  for    ^ 
the  coat  of  a  separate  coUeetion  of  diy  rufuao,  which,  as  already 
explained,  ia  imailoablc.    The  dry  ayetema  ensure  the  return 
of  most  o(  the  Bolid  sjtcrota  to  the  «oil,  but  11  great  part  of  the 
liquid  excreta,  which  are  more  impurbint  aa  fartiliaera,  goel 
with  the  household  drainage  in  any  caau. 

Kaviewing  the   whole  question,  the  privy  syateoi  must  be 
regarded  iis  contrary  to  sound  principles  of  hygiene  wherever 
lacilittea  e.<iiat  for  any  other  arrangemont.     WAtet-cloaets  a 
moat  auilahle  in  town,  and  wator-iloseta  or  earth.cloaeta  it 
country. 

Removnl  of  awheM. — ^Where  water-closets.  07  | 
pail-closeta  for  excreta  alone,  8i*e  in  use,  the  aahe; 
kitchen  refuse  have  to  he  removLd  separately  Small  1 
covered  tubs  or  boxes  (preferably  of  metal)  should  I 
be  placed  in  a  yard  or  outbouse  and  emptied  at  J 
short  and  regular  intervals  by  the  sca^ongera  J 
Frequently,  however,  large  bms  or  hxtd  ashpits  "  1 
are  employed,  the  contents  of  which  aie  allowed  to  J 
accumulate  for  long  periods 

Household  refuse  ought  to  consist  of  htth 
than  ashes,  the  aiiimul  and  vegetable  refuse  from  thS^ 
kitchen  being  easily  bunit. 

tTrRde  refuse,  from  slaughter-houses,  marketa,! 
fish  and  fruit  shops,  and  many  other  sources,  reqiiiraa 
prompt   removal.      This   duty    is   often   left   to    thw 
proprietors,    who    make    private   arrangements    withl 
^■niers,  etc.,  to  rejiiove  t\ie  vefvwe  Ioy  use  ■*&  WiW(v\i.y«,  ^ 


P,  1X.I  Destructors.  249 

r  convey  it  at  their  own  coat  to  some  suitabie  place. 

'j  difficult  to  ensure  proper  systeiu  and  regularity 

fta  the  B.A,  itself  undertakes  the  task,  anci  the 

■ttine  difficulty  may  occur  in  urban  districts  in  regard 

'  manure  from  stables  and  cowsheila.     Under  the 

•nblic  Health  (London)  Act,  1891,  s.  36*,  the  local 

teithority  may  by  formal  resolution  prescribe  frequent 

Road  sweepings  and  the  contents  of  street  gulleys 
laVB  also  to  be  dealt  with. 

Desimelors.— Any  kind  of  refuse  which  contains 

'3  matter,  hut  which  cannot  bo  at  once  disposed 

{  ae  manure,  should  be  burnt.     The  refuse  is  thrown 

n  at  the  top  of  a  furnace,  and  becomes  dry  as  it  sinka 

lown  ;  all  organic  matter  is  burnt  off,  and  at  inter- 

bIb  the  mineral  matter,  or  "  clinker"  (forming  about 

i)  i>er  cent,  of  the  refuse  burnt),  is  raked  out  below, 

Q  be  used  for  road-making,  filling  up  hollows,  etc. 

11  the  beat  modern  destructors  the  clinker  is  with- 

a  lat^e  slabs  and  freely  slaked  with  water  to 

poveut  flaming  when  tipped.     Silica  and  ferric  oxide 

are  the  chief  constituents  of  clinker,  which  is  now 

much   used    for   bacteria   beds,    mortar-making,    etc 

After  the  furnace  is  started,   the  organic  matter  in 

the  refuse  is  usually  sufficient  to  niaintnin  the  fire 

without  the  addition  of  other  fuel. 

Numerous  forms  of  destructor  are  now  in  use. 
They  consist  of  furnaces  of  a  varying  number  of  cells 
and  are  ciiarged  in  different  ways  ("shovel  fed," 
"top  fed,"  mechanical  charging,  otc).  The  furnaces 
are  not  unfrequently  multitubular,  or  fitted  with 
Babcock  and  Wilcox  boilers,  and  the  necessary 
draught  is  obtained  naturally  or  by  means  of  fans  or 
steam  blowers.  They  may  be  divided  into  two  chief 
groups,  the  "  single  cell  system "  {e.g.  Horsfali's, 
Fryer's,  Warner's,  JJaker's)  and  the  douMe  wftU.  ( 
contiiiuoua  gmto  system    (e.'j.  Meldrum'a  " 
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Sterling's);  there  are,  of  course,  various  modifica- 
tions. By  the  single-cell  system  is  meant  a  destruc- 
tor with  a  boiler  between  every  two  cells,  so  that 
there  is  no  intermingling  of  the  gases  from  two  or 
more  cells.  It  is  desirable  to  have  complete  com- 
bustion in  the  cell  itself,  but  if  necessary  the  fumes 
can  be  passed  through  a  second  furnace. 

Senrers  may  be  required  to  convey  : — 

(L)  Household  ej^i«€w^«, including  waste  water  from 
baths,  lavatories,  sinks,  and  all  liquid  refuse  and 
urine.  Where  there  are  water-closets,  the  volume  of 
sewage  is  somewhat  increased,  but  its  composition  is 
little  altered.  Latrines,  etc.,  attached  to  works, 
schools,  or  public  resorts  may  be  included  under  this 
head. 

(ii.)  Trade  effluents  of  all  degrees  of  impurity,  from 
the  comparatively  pure  water  from  condensers  to  the 
foul  effluents  from  dyeworks. 

(iii.)  Water  used  for  public  purposes,  e.g,  watering 
streets,  fountains,  public  urinals,  baths,  etc. 

(iv.)  Rainfall,  of  which  the  first  portions  (especially 
road-washings)  are  extremely  impure. 

(v.)  SubsoU  water,  and  even  small  natural  streams. 

Modem  sewers,  like  house  drains,  are  impervious 
tubes,  oval  or  round  in  section.  Their  size  varies 
according  to  requirements,  say,  from  9  inches  to  1 2 
feet  in  diameter.  If  the  diameter  is  not  greater  than 
1^  or  2  feet,  glazed  earthenware  pipes  set  in  cement 
are  usually  employed,  laid  in  the  manner  described  in 
speaking  of  house  drains.  Sewers  of  larger  diameter 
than  18  inches  are  generally  constructed  of  brick  set 
in  cement  upon  a  bed  of  concrete,  and  are  oval  or 
ovate  in  section,  so  as  to  secure  a  better  scour  and  less 
friction  when  little  sewage  is  passing  than  if  the 
section  were  circular.  Sewers  should  be  laid  as  far 
^s  possible  in  straight  lines,  with  means  of  inspection 
and  access  at  every  change  o?  directVow.    >^  *^\i\v^\AaTa» 


should  be  obli(juely  in  the  direction  o£  flow,  and  the 
tributary  sewer  or  drain  should  have  a  fall  into  the 
se'wer  at  least  eqtini  to  the  ditference  in  their  mapoctive 
diaiuetei's.  It  is  desirable  that  the  rate  of  flow  should 
be  not  less  than  2  feet  per  second,  and  3  feet  is 
better.  Hence  the  minimum  gradifint  should  range 
from  1  in  250  to  1  in  760,  according  to  the  size  of  the 
aewer.  The  gradient  should  preferably  be  uniform, 
except  at  angles  and  junctions,  where  it  is  desirable 
to  allow  extra  fall. 

Manliolea  should  be  provided  at  short  distances, 
aud  at  all  important  anglefi,  junctions,  and  changes  of 
gradient,  to  allow  of  access  for  inspection  and  flush- 
ing. Flush-tanks  may  with  advantage  be  placed  at 
the  head  of  each  sewer.  Plnsliing  is  chiefly  required 
in  sewers  with  insuflicient  gradients,  at  "  dead 
ends,"  aiid  in  hot  dry  seasons,  when  the  flow  is 
smallest  and  decomposition  most  rapid.  It  may  be 
effected  more  or  leas  automatically  by  means  of  flush- 
tanke,  or  by  temporarily  damming  back  the  stream 
and  then  allowing  it  to  escape  with  a  msh,  or  by 
wddenly  discharging  a  Urge  volume  of  water 
nto  the  sewer  through  a  Dianhole.  Little  beneflt 
I  likely  to  result  from  the  perfunctory  "flushing" 
"'  sewers  that  is  couimouly  practised,  coneiating 
it  does  of  simply  pouring  a  small  and  in- 
equate  volume  of  water  into  the  sewer  through  a 
Be,  at  intervals  of  several  weeks.  There  is  little  to 
9  gained  by  the  addition  of  "disinfectants"  to  the 
r  used  for  flushing. 

7»a  air  q/"  geioera  ("sewer  gas")  has  no  constant 
mposition,  and  if  the  sewer  be  properly  constructed, 
rail  ventilated,  and  sufficiently  flushed,  may  diflTer  but 
Aktle  from  outside  air.  Much  depends  upon  the 
wage  being  removed  quietly,  or,  on  the  other 
md,  being  allowed  to  stagnate  and  undergo  decom- 
'oaition.     la  the  Jatter  case   the  aVt  at  &&  *ft"NW 
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becomes  foal ;  oxygen  is  lessened,  cariionic  acid 
increased,  and  there  ia  much  organic  matter,  together 
with  variable  quantities  of  marsh  gas,  sulphuretted 
hydrogen,  and  ammonium  sulphide.  The  exact  com- 
poBifcion  of  the  organic  matter  varies,  but  its  proper- 
ties are  similar  t«  those  of  the  organic  matter  in 
respired  air.  Micro-organisms  adhere  to  moist  sur- 
faces, and  hence  the  air  of  well-constructed  aewera  is, 
on  the  whole,  remarkably  free  from  them,  except  near 
fresh  air  inlets  and  at  junctions,  where  splashing 
occurs.  Neither  bacteria  nor  other  solid  particulate 
matters  are,  under  ordinary  circuiiistancea,  given  off 
from  quiescent  liquid  surfaces ;  but  if  putrefaction  be 
allowed  to  occur  the  bursting  of  bubbles  may  re- 
charge the  air  with  them.  Haldane  found  in  the  air 
of  a  well- constructed  but  unventilated  sewer  in 
Bristol  20  volumes  of  carbonic  acid  per  10,000,  but 
only  two  micro-organisms  per  litre,  half  of  which 
were  moulds ;  and  Lawes  and  Andrewes  demonstrated 
that  the  air  of  well-conatructed  London  sewers  con- 
tained fewer  bacteria  than  the  air  of  the  street  above, 
and  the  species  found  were  not  of  sewage  origin.  It 
thus  becomes  clear  that  sewer  gas  can  rarely,  if  ever, 
convey  pathogenic  organisms. 

Air  contaminated  by  sewage  emanations  may, 
however,  be  a  cause  of  diarrhcea  and  other  gastro- 
intestinal disturbances,  and  of  certain  forms  of  sore 
throat.  Anemia,  depression,  and  general  ill-health 
may  result  from  protracted  exposure  to  such  an 
atmosphere.  Cholera,  enteric  fever,  pneumonia,  ery- 
sipelas, puerperal  fever,  and  diphtheria  have  a  much 
heavier  incidence,  both  in  numbers  and  severity,  upon 
persons  exposed  to  these  conditions.  It  is  not  neces- 
sary to  assume  an  oiTgin  de.  novo  in  such  cases,  or 
even  in  the  case  of  diarrhcea  and  sore  throat,  th« 
evidence  being  consistent  with  the  supposition  either 
I  *iliat  the  specitic  poison,  is  BOimetunea  cB.TCifci'Vj  «a^[H 
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Uiaabions,  or  that  their  effect  is  merely  to  predis- 
1  to  the  disease.  There  is  no  evidence  of  any 
jcific  relation  between   sewer  gas  and  amall-pox, 

r  whooping-cough. 
I  Men  working  in  well- ventilated  sewera  are  not 
ind  to  suffer  any  ill  effects,  but  if  ventilation  is 
)nting  they  are  liable  to  ophthalmia  aud  to  syncopal 
■  apopleotii;  attacts.  It  is  said  that  venereal  disease 
preatly  aggi-avated  by  this  employment.  Meat,  milk, 
d  other  food  substances  reEidily  decompose  if  exposed 
k sewage  emanation. 

Ventilation  of  sewers.— Fonl  gases  are  given  off  by 

ore  especially  if,  from  inaufiicient  gradient 

lobatnicted  outfaU,  they  become  stagnant  or  "  sewers 

f  deposit."     Hence  it  beEOmes  necessary  to  provide 

s  of  vent  or  ventilation  in  order  to  avoid  the 

pk  of  the  pent-up  gases  forcing  their  way  into  houses 

|roiigh  traps.*     For  this  purpose  openings  are  pro- 

|ded  at  intervals  which  should  not  exceed  100  yards. 

e  of  these  openings  act  as  inlets,  others  as  outlets, 

i  the  latter  only  are,  of  course,  liable  to  be  offensive. 

!  conditions  that  determine  the  direction  of  the 

rents  of  air    are   complex,   including    force    and 

on  of  wind,  internal  and  exteiiial  temperature, 

e  and  velocity  of  sewage,  etc.,  so  that  the  result 

^not  be  predicted,  and  is  not  even  constant  in  the 

r.  Speaking  generally,  the  tendency 
e  air  current  to  jiass  in  the  reverse  direction  to  the 
;  that  is,  from  a  lower  to  a  higher  level,  so  that 
b  highest  openings  are  most  liable  to  be  outlets,  and 
B  lowest  to  be  inlets.  Nevertheless,  every  opening 
Isy  at  different  times  act  both  parts. 
*  The  plan  usnally  adopted  is  to  provide  grated 
'n  the  roadway,  leadiug  directly  to  t' 
ineatli,  a  cage  being  suajtended  immediately  beneath 
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the  opening,  to  catch  any  solid  debris  that  may  fall 
through.  It  was  formerly  customary  to  place  trays  of 
charcoal  in  the  openings  in  order  to  deodorise  the  sewer 
gases,  but  the  charcoal  obstructed  the  opening  and  soon 
became  inert.  To  obviate  annoyance  from  effluvia  at 
outlets,  ventilating  shafts  (in  substitution  for  these 
openings)  are  often  attached  to  houses  or  even  to  trees  ; 
these  shafts  should  be,  but  rarely  are,  of  sufficient 
calibre  efficiently  to  ventilate  the  sewer.  Some- 
times factory  chimneys  are  utilised  for  this  purpose 
by  carrying  the  vent  into  the  stokehole  or  chimney. 
Another  device  (Keeling^s)  is  to  ventilate  the  sewers 
through  hollow  lamp  posts  with  gas  jets  inside  serving 
to  create  a  strong  upward  current  and  (it  is  claimed) 
to  destroy  all  effluvia. 

If  carried  out  on  a  large  scale  these  special  arrange- 
ments are  costly.  It  is  contended  by  the  advocates 
of  simple  openings  at  the  street  level  that  the  true 
remedy  for  offensive  outlets  lies  in  proper  construction 
and  flushing  of  sewers,  and  increasing  the  number  of 
openings — that  is,  in  approximating  to  the  condition 
of  an  open  sewer.  Some  authorities  rely  upon  venti- 
lating the  sewer  by  means  of  the  vents  of  each  house 
drain  connected  (see  p.  232). 

Rain  and  subsoil  water, — If  the  sewers  are  water- 
tight, as  they  should  be,  the  subsoil  water  cannot 
gain  access  to  them,  and  separate  provision  must  be 
made  for  draining  the  soil,  although  a  certain  quan- 
tity of  water  flows  away  along  the  comparatively  easy 
track  outside  the  sewer.  Sometimes  provision  is 
made  for  this  by  leaving  a  space  beneath  the  sewer 
for  the  ground- water  to  pass  along. 

It  is  becoming  customary  to  exclude  also  the  rain- 
fall from  the  sewers,  and  thus  avoid  dilution  of  the 
sewage  and  sudden  changes  in  volume,  which  add  to 
the  difficulty  of  treating  it  by  \)recipitation  or 
titration.      The  (irst  was\\iiis;s  ol  \\\^  ^^.\:«i^^^^  ^^^  n^^^ 
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lol,  and  sliould  be  admitted  to  the  sewers.  When 
'  sejiarnte "  system  is  adopted,  the  rain  water 
ken  away  by  another  syatem  of  drains,  which 
tey  with  advantage  be  perioeable,  and  so  avaiUble 

r  draining  the  subsoil, 

Capaciiy  0/  seietri. — In  towns  only  a  compsratively  sraall 
'ace  of  ground  ia  pciviouB,  and  almost  all  the  lainfiill 
ily  maliBa  ilg  wiij-  to  tho  aawers.  HencH  in  planning  Uib 
n  and  gradients  of  sewers  it  is  neoessary  Ui  provide  Tor  the 
mediate  removal  of  Xki  maximam  hourly  rainfall,  say, 
■inch   per  hoar  plus  the  maiimura  volume  Of  sewage  from 

FatkeB  gives  the  fullowing  formula  for  calculating;  the  dis- 
fge  from  a  sewer :—  ___ 

V  =:  5S  A  X  yaDF. 
["being  the  velocity,  in  cubic  feet  disdiarged  per  minute, 
tho  soction  area  of  tlie  current, 
ihe  fall,  in  feet  per  mile, 

the  hydraulic  mean  depth,  in  feet.    Tbis  ia  ^  of  the  diamuter 

of  the  pipe,  if  running  full  or  half-full ;  in  all  caaea  it  is 

equal  to  the  suetion  area  of  the  current  divided  liy  the 

"wetted  perimeter"  —  that  in,  by  the  laogOv  of  the  arc 

formed  by  that  part  of  the  section  of  the  oircumferonco 

which  is  m  contact  with  the  stream. 

Whoo  a  sufficient  fall  cannot  be  obtained,  Shene'i  pneiimatie 

tj/»tetH  offers  great  advantages.     The  sewage  is  candunted  to 

one  01'  many  central  collecting  tanks  by  gravitation  through 

drains   and  sewers   of   ordinary   construction,   and   is  forced 

through  jiipes,  leading  from  the  tanhsto  the  outfall,  by  means 

ol  compressed  air.     'I'hus  diHiculties  nrising  from  inequalities 

lOr  from  low  level  of  districts  to  be  drained  can  be 


The  <^ompoBition  of  sewage  varies  from  day  to 
day,  and  from  hour  to  hour,  since  both  the  filth  and  the 
dilutliij;  water  are  inconstant  in  amount.  There  are 
Tariatious  according  to  season  and  weather,  and  trade 
effluents  may  be  important  factors.  The  aduiission  or 
exclusion  of  rain-water  makes  a  very  great  difference, 
but  tho  presence  or  absence  of  water-carriage  of 
excreta  does  not  seem  to  affect  the  coraijwaViJWAi.  ^A. 
sewage   very  niatarinUy.     Tlie  Rivers  toWM-t^Qw  Go^a^ 
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missioners  found  the  average  composition  of  sewage 
to  be  somewhat  as  follows  : — 


Farts  per  Million. 

Constituent  Parts. 

Water-closet 
Towns. 

Mlidden  TownB. 

Total  SoUd  Residue 

(Organic 
Suspended  Solids  -{Mineral 

h'otal 
Dissolved  Solids     . 
Organic  Carbon 
Organic  Nitrogen  . 
Ammonia       .... 
Total  combined  Nitrogen 
Chlorine          .... 

1309 

205 

242 

447 

722 

47 

22 

67 

77 

107 

1215 

213 

178 

391 

824 

42 

20 

54 

65 

116 

From  other  sources  it  appears  that  the  phosphoric 
acid  amounts  to  about  25  and  the  potash  about  15 
parts  per  million.  These  proportions  are,  of  course, 
liable  to  very  wide  variation. 

It  is  calculated  that  in  an  ordinary  population 
2J  ounces  of  solid  excreta  and  40  ounces  of  urine, 
together  containing  150  grains  of  nitrogen,*  are 
yielded  per  person  per  day,  taking  an  average  of  all 
ages.  This  corresponds  to  about  10  lbs.  of  ammonia 
per  annum,  and  a  theoretical  manurial  value  of 
6s.  8d.,  to  which  the  constituents  of  the  urine  con- 
tribute six-sevenths,  and  the  faeces  one-seventh  only. 
The  manurial  value  of  sewage  is  dependent  upon  the 
combined  nitrogen,  potash,  and  phosphoric  acid.  The 
annual  amount  of  sewage  per  head  of  population  may 
be  taken  as  100  tons,  the  theoretical  money  value  as 
manure  being  about  17s.,  to  which  the  dissolved 
matters  contribute  15s.,  and  the  suspended  matters 
only  2s.  Sewage  also  contains  variable  quantities  of 
household  waste,  rain  and  storm  water,  grit,  gravel, 
sand,  and,  in  some  localities,  manufacturing  waste 
products. 

*  This  in  Parke.s*  estimate.     FvaukUuvVft  ^,^v=«V\uv.x^.v^  Wv  ^v\v\\\.  \wa\v»a,  is 
250  to  300  grains. 
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BBCteriB  in  sewage   are  chiefly  denitrifying 
and    decomposition    organism  a.     Houston   found   in 
London  crude  sewage  at  the  Barking  outfall  an  average 
Lcf  nearly  4,000,000  micro-organisms  per  c.c.,  and  in 
sample  of  domestic  crude  sewage  28,000,000.    All 
■kinds  of  species  are  present  {bacilli  preponderating) 
md  there  are  many  spores.     The  most  common  are 
'".  c^i  (600,000  per  c.c.),  the  T'roieus  family  repre- 
sented by  the  "sewage  proteus  "  (100,000  per  o.c), 
~    enteritidis  sporogeneg,    sewage   straptocoooi,   and 
lliqnefying  bacilli.     Pathogenic  organisms  also  occur, 
Kbut,  owing  to  the  struggle  for  existence,  rapidly  dis- 
■  ■ftppear.     All    the    organisms  required  for    bacterial 
|»ssimiiation  are  present  in  the  sewage    itself.     The 
B.wtificial  bacterial  treatment  of  sewage  is  an  applica- 
1  of  the   principles  of  nitrification  as  stated  by 
ichlceaing  and  Muntz. 

Disposal  of  sewagc^In  rural  districts  the 
Jjttouaeliold   and   other  liquid    refuse,   if    not  turned 
L  ditch   or   watercourse,    is   usually   conducted 
ceaapool   or  collecting   tank,   from  which  it  ia 
Eperiodically    removed    and    used    as    manure.     The 
"  irmer  plan   is  bad   in  every   respect.     The    latter 
pei-miBsibto  only   if  the   cesspool  is  made  water- 
tight   and    properly    covered   and  ventilated,    regu- 
>  larly  emptied  at  suitable  intervals,  and  situated  at 
l,a  sufficient  distance  fi'ora   any  house,  i-oad,  or  water 
..Bupply.     The  annotated    Model    Bye-lawa  require  a 
I  jainimum  distance  of  60  feet  from  any  dwelling,  and 
t  from  any  water  supply.  Sometimes  the  sewage 
]  led  to  a  pit,  or  "  dumb- well,"  in  porous  soil,  the 
'  aolids   being   removed   at  intervals  and  the    liquids 
escaping  into  the  ground.     This  practice  is  dangerous 
if  the  pit  is  near  to  dwellings  or  water  supplies,  and 
is  not  free  from  risk  of  poUuting  water  in  any  case. 
Simple  irrigation  is  free  from  objection  \1  ■w  aioiaia'a.^'Mi., 
even  on  the  small  scale.      "  Sui\)SCiV\  "wt" 


■saws  ■ 
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work  well  when  tlie  eonditioxis  as  to  soil  and  fall  are 
suitable ;  the  drainage  is  conveyed  into  a  branching 
system  of  loosely  laid  agricultural  pipes>  which  allow 
it  to  escape  into  the  subsoiL  The  pipes  are  laid  about 
a  foot  or  more  beneath  the  surface.  It  is  often 
necessary  to  relay  them  at  intervals^  owing  to  deposit 
of  grease  and  other  obstructive  matter,  but  this  may 
to  some  extent  be  prevented  by  the  use  of  iiush-tanka 
and  grease-traps  at  the  house- end  of  the  drain. 

'Die  chief  point  is  to  expose  the  sewage  to  ilie 
influence  of  growing  vegetation,  not  so  much  for  the 
sake  of  utilising  it  as  of  remlering  it  innocuous, 
Sewage  applied  to  the  surface  is  partly  absorbed  bj 
v^^tation,  partly  oxidised  (nitrified)  in  the  superficial 
layers  of  earth.  The  sewage  passed  into  leaking 
cesspools  or  dumb^wells  escapes  both  forms  of  purifi- 
cation, and  simply  pollutes  the  soil  and  the  subsoil 
water. 

The  disposal  of  town  sewage  may  be  effected  in  a 
variety  of  ways.  The  oldest  and  simplest  is  to  pass 
it  without  purification  into  natural  watercourses^  a 
plan  still  common.  The  sea  affords  a  ready  means 
of  disposing  of  the  sewage  of  coast  towns.  It  is 
allowed  to  escape  only  with  the  ebb  tide,  and  reflux 
is  prevented  by  valves.  If  it  is  conducted  by  pipes 
sufficiently  far  out  to  sea,  it  may  not  be  washed  back 
by  currents  or  by  the  returning  tide  to  foul  the 
shore.  Such  a  degree  of  success  is  far  from  being 
the  rule,  and  there  are  the  further  objections  that  the 
removal  of  sewage  by  this  means  is  only  intermittent^ 
and  that  the  sewage  is  (at  best)  wasted.  To  a 
certain  extent  organic  impurities  in  streams  are  got 
rid  of  by  oxidation  and  by  the  growth  of  plants  and 
other  organisms,  but  this  possibility  of  subsequent 
partial  purification  cannot  justify  the  gross  })ollution 
of  a  stream  at  any  given  point.  Tlie  purification  can 
rarely  be  complete,  and  in  no  case  can  thei-e  be  any 
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certainty  of  the  destruction  of  speciiie  pollntion,  a 
considei-fttion  tliat  is  especially  important  when  the 
stream  furnishes  the  water  supply  of  districta  lower 

The  alternative  is  to  purify  the  sewage  with  the 
object  of  oxidising  or  retaining  its  dissolved  and 
suspended  impurities,  and  allowing  only  the  water 
(with,  at  most,  harmless  dissolved  matter)  to  pass 
into  watercourses  or  the  sea.  This  may  be  done  by 
preci'pitation,  jUtralion,  irrigalion,  or  bacterial  treat- 

PrficipitatioM  processes  aim  at  throwing  down 
the  organic  matter  chemically  or  mechanically,  by  the 
addition  of  a  reagent  to  the  sewage.  For  the  most 
part  their  auccess  in  this  respect  ia  only  partial,  and 
they  leave  the  ammonia  and  chlorides  in  the  effluent. 
The  reagents,  dissolved  or  suspended  in  water,*  are 
added  to  the  raw  sewage  either  in  the  sewers  (Scott's 
I  and  Conder  a  processes)  or  more  usually  in  a  conduit  at 
I  the  works.  In  either  case  the  flow  of  the  reagent  is 
regulated  aa  required,  and  it  becomes  thoroughly  mixed 
with  the  sewage  before  entering  the  tanks.  The  settling 
tanks  are  large  and  are  usually  worked  in  series,  tlie 
overflow  from  each  into  the  next  being  over  a  broad 
shallow  sill,  so  that  only  the  compaiatively  pure  upper 
water  may  escape.  The  current  being  very  slight  in  the 
tanks,  suspended  matters  are  gradually  deposited,  ac- 
cumulating at  the  bottom  in  the  form  of  sludge,  which 
is  peripdically  cleared  out,  dried,  and  sold  as  manure,  or 
dug  into  the  ground,  or  (in  Scott's  process)  burnt  into 
cement,  A  similar  subsidence  takes  place  if  no  precipi- 
tant is  used,  but  the  dissolved  organic  matter  remains  in 
solution,  and  the  settlement  of  the  suspended  matter  is 
much  slower  and  less  complete.  A  good  precipitation 
process  will  rapidly  clarify  the  Bewttge  \i^  ■cemi'a'iSMi, 


ewagB  cioTBnt,  aad  disBolvB 
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all,  or  nearly  all,  the  suspended  impurities,  and  will, 
moreover,  carry  down  a  greater  or  less  part  of  the 
dissolved  organic  matter.  The  effluent  will  be  fairly 
clear,  but  will  contain  the  chlorides  and  certain  other 
salts,  ammonia,  and  more  or  less  of  the  dissolved 
organic  matter.  It  is  therefore  necessary  to  subject 
the  effluent  to  further  treatment,  that  is,  to  filtration, 
in  order  to  oxidise  the  remaining  organic  matter. 

Among  artificial  filtering  media,  employed  after  precipita- 
ti(  n,  are  various  forms  of  carbon,  ferruginous  materials,  and 
burnt  "ballast."  All  of  these,  like  land  filters,  serve  mainly 
as  a  nidus  for  the  aerobic  nitrifying  organisms,  and  their 
efficiency  depends  largely  upon  proper  management,  and 
especially  due  aeration.  The  flow  should  be  intermittent  and 
not  too  rapid.  Coke  is  widely  used.  Garfield  finds  that  fine 
coal  filters  give  excellent  results,  and  possibly  the  non-porosity 
of  the  particles  is  an  advantage.  Ferruginous  materials 
include  "polarite,"  "magnetite,"  and  "magnetic  carbide"; 
they  shoiild  be  covered  with  a  layer  of  sand,  renewed  at 
intervals. 

Precipitation  affords  no  guarantee  of  the  removal 
of  microbes,  pathogenic  or  otherwise. 

Many  of  the  precipitation  processes  described  in  text -books 
have  been  abandoned  on  account  of  cost  or  want  of  efficiency, 
and  have  now  only  a  historic  interest.  Lime  is  by  far  the  most 
generally  employed,  either  alone  or  in  conjunction  with  other 
reagents.  It  has  been  used  together  with  clay  (Scott),  calcium 
phosphate  (Whitthread),  magnesium  chloride  and  tar  (Hille). 
The  "  Amines  "  process  consists  in  adding  lime  together  with  a 
little  herring  brine.  The  latter,  by  virtue  of  the  trimethyl- 
amine  and  other  ingredients  (aminol),  acts  as  an  autiseptic. 
The  effluent  does  not  decompose,  and  yields  no  microbes  on 
cultivation.  The  precipitation  is  rapid.  Lime  with  ferrous 
sulphate,  ferric  chloride,  or  aluminium  sulphate  gives  a  bulky 
precipitate  of  the  respective  hydrate,  which  entangles  and 
carries  down  organic  matter  with  it.  Crude  aluminium  sulphate, 
made  by  acting  upon  clay  or  shale  with  sulphuric  acid,  is 
Anderson's  (and  also  Bird's)  precipitant :  and  sulphuric  acid 
with  mineral  phosphate  of  alumina  is  the  basis  of  Forbes  and 
Price's  process.     Spence's  **  alumino-ferric "  contains  a  very 
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11  proportion  of  iron  Halts.      Sillar'a  ABC  prcceBa  conaistB 
I'ln  adding  alum,  blood,  olay,  and  charcoal. 

Another  precipitant  ia  "forrozoue,"  made  by  acting  ■with 

'   '      icacid  upon  "  polarite,"  deacrihed  as  a  specially  propated 

:on.     The  effluent  is  Sltered  through  a  bed  of  polarite. 

;  iron  process,  diEfering  from  the  rest  in  being  applied 

it  the  head  o£  tho  aewer  or  house  drain,  ia  Conder'a,  in  which 

li  regulated  quantity  of  ferrous  sulphate  ie  added  constantly 

■  ^d  automatically  by  mcaas  of  a  atream  (of  water  or  sewage) 

Knasaing  throngh  a  yessel  ("fecrometar")  conlaining  crystals  of 

[SBnoos  sulphate.     It  seems  to  be   successful   in  preventing 

p  decampoaitJDn  and  effluvia,  and  in  keeping  the  drains  free  from 

'   deposit.    A    saturated    oiy-ehlorida    of    iron  is    used  aa  a 

precipitsnl,  in  tho  ordinary   way,  in  the  "Clarine"  process. 

IJ90  ia  sometimes  made  of  chulybeHte  waters  for  precipitation 

pUrpQSBB. 

Webster's  i^luutrolytic  process  adds  iron  indirectly.  The 
aowage  is  made  to  flow  through  a  scries  of  tanks  in  which  it  is 
exposed  to  a  powertiJ  electric  current  passing  between  elec- 
trodes consistiDg  of  iron  plates.  Ferrous  hydrate  ia  con- 
tinnooaly  formed,  and  reacts  at  once  in  the  nasrent  condition 
upon  (he  sewage,  causing  a  rapid  and  fairly  complete  precipita- 
tion of  solids.  A  cleiir  and  slightly  greenish  ellluent  results, 
which  ia  remarkahly  free  from  microbes  and  has  little  ten- 
dency to  secondary  putrefaction.  In  the  Hermite  process 
dectrolyaed  sea-water  is  employed. 

In  the  black-ash  process,  a  waste  product  from  alkali-  and 
Boap-wotkB  ia  naed  aa  a  precipitant.  This  refuse  contains 
calcium  sulphide,  which  hy  enposure  to  air  is  partially  oxidised 
into  calcium  sulphite  and  hyposulphite.  The  prepared  block- 
ash  is  used  together  with  lime. 

Lime  processes  in  general  yield  an  alkaline  efHuent,  whioh 
^as  a  tendauoy  to  "secondary  decomposition,"  A  lime 
affluent  that  is  bright  and  clear  on  leaving  the  works  will 
often  be  found  to  become  turhid  and  offensive,  if  its  mn  can  be 
traced  for  a  few  hundred  yards,  without  excessive  dilution  by 
other  water. 

Filtration  of  sewage  may  be  adopted  either 
no  or  as  a  supplement  to  a  precipitation,  process.'* 
e  filtering  media  employed  are  land,  certain  ferru- 
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ginous  materials,  and  coke  or  other  matter  containing 
carbon.  By  filtration  it  is  sought  to  remove  the  sus- 
pended matters,  and  to  oxidise  the  organic  matters 
and  ammonia.  The  effluent  should  contain  only- 
chlorides  and  other  dissolved  mineral  salts  and 
nitrates,  but  some  free  and  albuminoid  ammonia  is 
always  found  upon  analysis. 

Intermittent  downward  filtration  may  be  defined 
as  "  the  concentration  of  sewage  at  short  intervals, 
on  an  area  of  specially-chosen  porous  ground  as  small 
as  will  absorb  and  cleanse  it,  not  excluding  vegetation, 
but  "making  the  produce  of  secondary  importance,"  the 
flow  of  sewage  being  suspended  from  time  to  time  in 
order  to  allow  the  filter  to  become  charged  afresh  with 
oxygen  from  the  air. 

Land  filtration  requires  a  porous  soil,  underdrained 
by  porous  pipes  at  a  depth  of  four  to  six  feet.  The 
sewage  is  distributed  over  the  surface  by  means  of 
branching  carriers  or  trenches,  controlled  by  sluices, 
so  that  each  portion  of  the  ground  in  turn  receives 
the  sewage  for  a  few  hours,  and  each  has  intervals  of 
rest.  The  soil  is  raised  in  ridges,  upon  which  vege- 
tables are  grown,  the  sewage  flowing  along  the 
furrows  between  the  ridges.  The  utilisation  of  the 
sewage  *is  a  minor  consideration ;  but  vegetation 
is  useful  in  absorbing  and  assimilating  the  organic 
matter.  Land-filters  planted  with  osiers  (osier-beds) 
are  sometimes  employed  for  the  purification  of  village 
sewage,  or  for  the  occasional  treatment  of  storm  waters 
that  cannot  be  dealt  with  otherwise.  The  osiers 
absorb  water  and  sewage  matter  freely  ;  but  constant 
care  is  needed  to  prevent  choking  of  the  surface-soil, 
or  of  the  subdrainage. 

Jiroad  irrigation   "means  the  distribution  of 

sewage  over  a  large  surface  of  ordinary  agricultural 

ground,  having  in  view  a  maximum  ^\:o^'d\  <ii  ye^e- 

tatioa   (consistently    with   due  ^uA^c^^Aft^i^  lot  n;^:^ 
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amount  of  sewage  supplied."  For  broad  irriga- 
tion,  as  for  simple  tilti-ation,  the  soil  should  be  porous, 
but  not  necessai'ily  underdraiaed.  The  sewage  is  dia- 
tributedover  each  portion  of  the  ground  intermittently, 
by  meaas  of  branching  carriers,  which  pass  along  ridges 
of  Boil  twenty  or  thirty  feet  apart,  op  along  con- 
tours of  slopes,  and  are  controlled  by  aluices.  At 
intervals  the  sewage  is  turned  into  each  carrier,  and 
overfiowB  down  the  slope.  The  sewage  is  screened 
before  distribution,  unless  it  has  been  subjected  to 
preliminary  filtration  or  precipitation.  The  effect  is 
similar  to  that  of  simple  intermittent  downward  tiltra' 
tion,  of  which,  indeed,  this  is  only  a  modification. 
The  nitrates  may,  howevei",  be  reduced  by  vegetation. 
The  crops  grown  upon  "  sewage-farms  "  ai-e  very  heavy. 
Italian  lye-grass  is  well  adapted  for  the  puipose, 
since  it  grows  rapidly  and  absorbs  much  sewage,  but 
many  other  forms  of  vegetation  can  be  substatuted. 
If  the  land  is  limited  in  area,  provision  may  be 
made  for  temporary  excess  of  sewage  after  heavy 
rainfall  by  setting  aside  a  portion  of  the  ground  as 
a  land-filter. 

It  is  usual,  in  cases  whei'e  the  approval  of  the 
L.O.B.  is  required,  to  provide  at  least  an  acre  of 
land  for  each  300  of  population  if  broad  ii-rigation  ia 
idopted  ;  or  an  acre  for  each  1,000  if  there  be  either 
road  irrigation  coupled  with  precipitation  or  inter- 
nittent  downward  filtration  through  nnderdrained 
or  an  acre  for  each  2,000  if  precipitation,  is 
ed  by  land  filtration.  It  ia  considered  necessary 
a  secure  land,  to  tlie  above  extent,  even  if  artificial 
Uters  are  provided. 

Apart  from  the  action  of  vegetation,  the  purifying 
effect  of  different  soils  shows  considerable  variation. 
The  Rivera  Pollution  Oommissioners  found  tKit  %  tsfcSc 
yard  of  chalk  or  sand  effectviaWy  \-i\»rv&.i4i  ^'^  >e^' 
0/  Bewi^  per  diem  applied  Vute\xft\tUi\v\\*j  ■,  -^VCvsa 
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sample  of  loam  purified  9*9  gallons  under  the  same 
conditions.  Peat  had  slight  purifying  power  at  first, 
but  improved  with  repeated  use,  owing,  perhaps,  to 
increase  in  the  nitrifying  organisms.  Intermittent 
filtration  through  suitable  soil  removed  70  per  cent, 
of  the  organic  nitrogen,  and  upwards  of  80  per  cent, 
of  the  organic  carbon.  On  the  whole  it  may  be  said 
that  peat  and  stiflT  clay  lands  are  generally  unsuitable 
for  the  purification  of  sewage,  that  their  use  for 
this  purpose  is  always  attended  with  difficulty,  and 
that  where  the  depth  of  top  soil  is  very  small,  say 
six  inches  or  less,  the  area  of  such  lands  which  would 
be  required  for  efficient  purification  would  in  certain 
cases  be  so  great  as  to  render  land  treatment  imprac- 
ticable. 

• 

The  first  Sewage  Commission  (1857-1865)  reported  that  **  the 
right  way  to  dispose  of  town  sewage  is  to  apply  it  con- 
tinuously to  land,  and  it  is  only  by  such  application  that  the 
pollution  of  rivers  can  be  avoided." 

A  further  Commission  appointed  to  inquire  into  the  best 
means  of  preventing  the  pollution  of  rivers  (1868-1874)  re- 
ported with  regard  to  chemical  precipitation,  intermittent 
filtration,  and  broad  irrigation:  (1)  All  these  are  to  a  great 
extent  successful  in  removing  polluting  organic  matter  in 
suspension,  hut  intermittent  filtration  is  best,  broad  irrigation 
ranks  next,  and  the  chemical  precipitation  processes  are  less 
efficient.  (2)  For  removing  organic  matters  in  solution  the  pro- 
cesses of  downward  intermittent  filtration  and  broad  irrigation 
are  greatly  superior  to  upward  filtration  and  chemical  processes. 

Another  Commission  (1882-1884)  appointed  to  inquire  into 

the  system  under  which  London  sewage  was  discharged  into 

the  Thames,  whether  any  evil  effects  resulted  therefrom,  and 

if  so,  what  remedial  or  preventive  measures  could  be  applied, 

found  that  evils  did  exist  "  imperatively  demanding  a  prompt 

remedy,**  and  that  by  chemical  precipitation  a  certain  part  of 

the  organic  matter  of  the  sewage  would  be  removed.     They 

reported,  however,  "  that  the  liquid  so  separated  would  not  be 

-sufficiently  free  from  noxious  matters  to  allow  of  its  being 

discharged  at  the  present  outfalls  as  a  permanent  measure.     It 

would  require  further  pnri&catioii,  aii.^  \^i\a,  ^c.cotding  to  the 

present  state  of  knowledge,  can  oii\y  \)^  ^^^^  ^^^^W^^  \s^  S^^i^ 

application  to  the  land." 
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I  Experience  baa  sliown.  that  with  careful  maiiage- 
Hjneat  a  properly  constructed  sewage-farm  can  be  carried 
r  on  without  nuisance  or  injury  to  the  health  of  the 
Burroanding  population ;  but  if  the  land  becomes 
waterlogged  from  accident,  defect,  or  inattention,  grave 
nuiaanoe  may  readily  result.  It  was  at  iirat  fearod 
tiiat  parasitic  and  other  diseases  in  auiuiala  aud  man 
would  be  promoted  by  the  use  of  the  produce  of  Bowage- 
iikrins  as  food,  but  no  such  result  has  been  observed. 

Bacterial  Treatment. — Biological  methods 
'of  sewage  purification  have  of  late  been  more 
rthoroughiy  studied,  with  important  results.  The 
■oxidation  effected  by  the  aerobic  organisms  has  been 
Wicreased  (1)  by  supplying  osygen  more  freely  by 
lirtiiicial  means  on  a  contact  bed;  that  is,  a  specially 
^prepared  filter  charged  intermittently  with  sewage 
Iwhich  is  allowed  to  rest  for  a  time  upon  it,  and  (3)  by 
yreviounly  subjecting  the  sewage  to  anaerobic  fermen- 
tation, the  effect  of  which  is  to  bring  about  more 
jBomplete  solution  of  the  organic  matter  and  render  it 
^ioadily  oxidisable.  For  the  second  purpose  the 
'■"septic  tank"  has  become  widely  used.  Lowoock 
i^ow^  air  iito  the  interstices  of  the  filter  by  means  of 
^rforated  pipes.  Scott- Moncrieff  passes  sewage,  after 
■anaerobic  treatment,  through  a  vertical  series  of 
wiallow  filter-boxes,  with  intervening  air-apaces  ;  and 
^^ds  that  there  is  a  differentiation  of  the  microbes  in 
ithe  successive  stages,  so  that  if  the  sequence  of  the 
filters  is  changed  the  purification  ia  for  a  time 
arrested,  and  the  effluent  becomes  foul.  Dnoat's 
(ank  is  filled  with  porous  material,  such  as  burnt 
'ballast  —  finer  below  and  coarser  above  ;  it  is 
ventilated  by  field-pipes  passing  through  at  various 
'levels,  and  the  walls  of  the  tank  are  for  the  most  part 
'fcuilt  of  open  drain-pipes,  placed  transvereely  ao  as 
■  o  admit  air  freely ;  it  is  claimed  tVat  *j\^fe  ^■a.-^^  ci-ti.. 
le  lined  cofltinuously  witliout  rest,  aui  'OnaX^-noW-tf**' 
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treatment  is  necessary.  Dibdin  employs  a  tank  filled 
with  coarse  burnt  ballast ;  the  sewage  is  run  in  and 
allowed  to  stand  for  two  hours,  after  which  it  is 
slowly  run  off — to  filters,  or  to  a  second  tank  with 
finer  materials — and  the  tank  is  allowed  several 
hours'  rest  for  aeration. 

Bacterial  purification  depends  upon  two  main 
groups  of  organisms,  namely,  those  that  are  able  to 
break  down  and  liquefy  solid  organic  matter,  and 
those  that  deal  with  it  when  in  solution;  but  no 
strict  line  of  demarcation  can  be  drawn  between 
them.  Different  systems  depend  upon  an  anaerobic 
action  (Cameron,  Scott-Moncrieff,  etc.)  or  aerobic 
(Dibdin,  Fowler,  etc.),  or  a  mixture  of  the  two. 
Whatever  system  is  used,  the  two  great  agencies  of 
breaking  down  and  oxidation  must  be  allowed  ample 
opportunity.  Two  examples  are  furnished  in 
Cameron's  B&ptic  tank  (anaerobic)  at  Exeter  and  many 
other  places,  and  in  the  multiple  contact  bacteria-beds 
(aerobic)  at  the  Davyhulme  Works,  Manchester. 

For  contact  beds  burnt  clay,  coke,  clinker, 
cinders,  or  various  forms  of  gravel  may  all  be 
efficient  media,  provided  there  is  ample  aeration 
and  porosity.  The  necessary  organisms  exist  in  the 
sewage,  but  require  abundant  oxygen.  To  assist  in 
maintaining  aeration  the  surface  should  be  raked 
over  from  time  to  time.  Obstruction  by  frost  rarely 
occurs,  the  temperature  of  the  sewage  being  from 
December  to  April  about  bd'b"  F.  Frequent  and 
prolonged  periods  of  rest  are  necessary  ;  without 
them  the  beds  become  clogged,  and  eventually  inactive 
because  lacking  in  aerobic  bacteria.  The  sewage 
applied  to  the  bed  should  be  as  far  as  possible 
uniform  in  consistence  and  freed  from  suspended 
matters  by  sedimentation.  Any  suspended  matter 
not  so  removed  should  be  retained  as  far  as  possible 
on  the  surface  of  the  bed. 
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^K  Fowler  concludes  that  the  bacterial  process  is  best 
B  eonducted  in  three  stages  :  —  (a)  settlement  and 
^  flcreening  out  of  tlie  grosser  solids  ;  (6)  anaerobic 
decomposition  in  thn  septic  tank ;  and  (<■■)  oxidation 
on  bacteria  beds.  He  summarises  the  conditions  of 
the  successful  working  of  contact  beds  as  the  result  of 
tho  Manchester  experience  as  follows  ; — 

(1]  The  'bed  should  "be  wurkod  very  slowly  at  Brst,  in  order 
to  aUow  it  to  settle  down  guJ   tho  Lacterial  growths  tu  torm . 

Sin  this  way  tbare  will  l>e  ksB  danger  ai  snspended  matter 
Snding  Hs  way  into  fho  body  of  the  bed,  whilo  the  material  is 
.'itJll  loose  and  open.  (2)  The  burden  should  not  ho  increflBed' 
^01  analysis  reveals  tho  preseoce  of  surplus  oxygen,  either 
'iJtUsolved  oc  in  thu  {urm  of  nitrates  in  the  tSlaUDt.  (3)  An- 
^ilysoa  of  the  air  in  the  l>ed  may  usefully  be  made  from  time 
'Id  time  during  resting  periods.  (4)  The  variations  in  capacity 
'ibonld  be  carefully  recorded.  II  the  capacity  is  fonnd  to 
'fca  rapidly  decreasing,  a  period  of  rest  should  he  allowed. 
SI  Long  periods  of  rest  should  beavoided  during  wiator,aB  when 
lepiived  of  the  heat  of  the  sewage  the  activity  of  the  organisms 
decicasea.  If  necessary,  the  burden  on  the  bed  should  then 
be  deeraiiBed  by  reducing  the  number  of  fillings  per  day, 
ikther  than  by  giving  a  long  rest  at  one  time.  (G]  The  iiiaolu- 
ble  suspended  matter  should  be  retained  on  the  surface  by 
iCOvoring  the  latter  with  a  layer  of  finer  material  not  more  than 
ittree  incjics  in  depth.  The  suspended  matter  thus  arrested 
''  luld  not  be  raked  into  the  bed,  but  when  its  amount  hecames 
it  should  be  scraped  oS.    This  should  be  done  if 

nible  in  dry,  wai-in  weather,  after  the  bed  has  rested  si 
>.     By   placing   the    inlet   and    outlet  penstocks   B 
together  as  possible,  the  suspended  matter  will  tend  to  i 
*~  ~*~  'n  their  vicinity,  and  its  removal  will  be  facilitated,' 


I 


■  nietl 


KpU7V 


It  should  be  noted  that  if  sewage  contains  ' 
__  bacteria,    and    is    then    treated    by    ' 

methods,    the    effluent   cannot  certain!^ 
to  be  safer  in  this  respect  than  the  raw 
and,  therefore,    effluents  should  not 
drinking-water  streams,  but  on.  to  tke 

Selaotion  of  Method.— 'Vhe  c\ 
methods  of  purification  ot 
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determined  largely  by  local  considerations.  We 
have  already  quoted  the  findings  of  the  Sewage  Com- 
mission of  1868  (see  page  264).  If  the  sewage  is  free 
from  manufacturing  effluents  of  injurious  character, 
and  if  a  sufficient  area  of  suitable  land  can  be  obtained 
in  a  convenient  position  at  a  reasonable  cost,  broad 
irrigation  is  entitled  to  preference  as  the  most  rational 
and  economical  method  of  treatment.  If  there  is 
serious  difficulty  in  obtaining  suitable  land,  simple 
intermittent  downward'  filtration,  or  the  bacterial 
treatment,  may  be  preferable ;  and  precipitation  pro- 
cesses and  artificial  filters  for  still  smaller  areas  may 
suffice. 

Proper  construction  in  the  first  instance,  and 
careful  management  afterwards,  are  essential  in  every 
process,  and  without  them  nuisance  cannot  fail  to 
result.  It  is  desirable,  for  the  sake  of  economy  and 
efficiency  in  management  and  supervision,  that  sewage 
should  be  dealt  with  at  as  few  points  as  j^ossible. 
The  process  of  purification  is  greatly  facilitated  by  the 
"  separate  "  system  of  drainage,  the  volume  of  sewage 
being  thereby  reduced  and  rendered  more  constant. 

In  manufacturing  districts  the  principal  difficulty 

arises   in    connection   with    trade    effluents.       Many 

kinds  of  manufacturing  refuse  if  admitted  into  the 

sewers  interfere   with  the  efficacy  of  land-filtration, 

either  by  clogging   the    soil   or   chemically  checking 

the  process  of  oxidation.      The  latter  condition  also 

operates  prejudicially  in  bacterial  methods.     In  such 

cases  a   preliminary   purification  by  precipitation  is 

necessary,  and  it  is   probable  that   the  effluents    of 

different   trades   will   be  found    to  require  different 

chemical  treatment.     If  they  are  poured  into  streams 

without  purification,  they  cause  pollution  exceeding  in 

intensity  that  caused  by  domestic  sewage.     For  each 

manufacturer  in  such  a  district  to  0^^9i\  vj\\\v  \i\s»  own 

refuse  would  entail  a  very  \ieavy  a^^ir^i^^t^  ^^^^^^^  \ 
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anrt  the  niiiltiplicafcion  of  such  works  is  in  itself  iin- 
deairable,   since   it  nmet  increase  the   riBka   of  miB- 
management  and  failure.     Still,  where  trade  effluents 
cannot  be  received  into  the  sewera,  the  responsibility 
for  their  purification  rests  with  those  who  produce 

by  combination  among  manufacturers,  and  in  others 
l^  the  pi-ovision  of  a  special  intercepting  sewer,     A 
;BatiBfactory  compromise  has   been  reached  in   some 
'iowns  by  the  manufacturers   partially  purifying  tbe 
-effluents  befoi-e  turning  them  into  the  sewers. 

following   atjindarda    should    be  held    to    reii<ler   an 
■effluent  unfit  for  dincharge  into  a  river  : — 

Unpiirity. 

I'arta  per  IW.MO 

OUi<:r»luaiirda.              A 

OrKanio  mattf  r  . 
Ulneial    laatbet    Id   so'- 

OlCiiuitter  in  auspfiisiQn 

Ol^rto  matter  :- 

ChlortoB  {frae,    after  ad- 
ditlooofHiBOit 

Alknlloitjr  (mNsHO) 
Ooiaat       .       .       .       . 

1 

rPerFEct  rest  In  Buluri-       ^| 
Or  any  Him  of  oil  on       ^H 

The   following    hiive    been  am                                  ^^| 
^  eonditiona  which  an  etHuent  ougV<                        ^^^^^H 
Hffi>tts£    contain    practically    no  »                      ^^^^^^H 
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(//)  it  muMi  fu>t  contain  in  Holution  a  quantity  of 
wvfM\\a  iriatU^r  mifficient  to  ahBorb  much  oxygen 
from  tli<9  Mtritam  into  which  it  \a  discharged ;  (<;)  it 
iniiMt  not  ho  liable  to  putrefaction  or  secondary 
iimji>tn|K>Mition  ;  (d)  it  muiit  contain  nothing  inimical 
to  microbial  growth  and  activity,  therefore  it  must 
not  Im  tntatiMl  with  Htrong  antiHcpticH;  and  (e)  it  must 
not  (u»ntain  pathogenic  organisms. 


^^*  GHAPTEtt  X.  ^KM 

DISPOaAL   OF   TII&    UKAD. 

The  daily  nvonige  of  duaths  in  Eiiglnnil  mul  Wnli's 
is  about  1,500.  The  dispoaivl  of  this  ouornioim  minihor 
of  dead  (many  of  wlioni  huve  died  of  iufeutioua  din- 
^aaes)  in  auch  niamior  as  to  avoid  diinjjoi-  to  tlio  IWmg 
Is  a  Haiiitai'y  problem  wliiuli,  lilcu  many  otlint-H,  liiw  only 
received  due  attention  witliin  uoiiipttrntivuly  i-noitnt 
yeara.  The  horrible  overcrowding  of  gnivoyaWK  which 
prevailed  in  the  early  part  of  lant  coi|tury  la  now 
rarely  met  with,  and  in  only  posHllile  in  tlin  oldor 
Urounds  which  are  not  Hul>jei't  to  modern  rnfjnlntiunM, 
■  and  which  have  not  been  formally  cloHod  hy  Order  in 
OounciL  Seymour  Hoden  liaR  shown  that  if  carcnikm 
are  covered  by  a  foot  of  suitable  earth,  tho  porishublo 
parts  disappear  inoffensively  within  twulvo  inoutbH, 
(ind  speaWuig  broadly  it  may  be  laid  that  for  every 
foot  ot  depth  beiow  the  surface  of  the  soil  onii  year  or 
.tliereabouts  is  neceasary  for  resolution.  The  present 
bractice,  however,  and  even  tlie  law,  aro  iitcon- 
Vfltent  with  burial  aufiiciently  shallow  to  permit 
in  the  due  action  of  the  nitrifying  orfjanisnix  found 
only  in  the  upper  layera  of  tlm  «iil.  Tlic  objeclH  of 
earth-burial  are  further  fruntruteil  by  thii  itliil]  proVA' 
lent  use  of  inetallic  or  heavy  wogdtTn  ci>irinH. 

Burial-groaodH.— 'The  objiMjtH  to  In:  aimod  at  ore 

iEapid    resolution   and  complete  oxidation  or  absorp- 

itoa  of  the  productfl.     Hence  the  noil  hKouUI  \>i>^  'i^v^^'i 

find/   porous,    and   either  nat\iT».\\y   m    wrtv'ww^q 

draiaed  to  a  depth  of  not  \tx»  iWn  »\^^.  \«^,  ***  ™ 
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"  The  degree  to  which  the  purity  of  neighbouring  wells  is 
endangered  by  a  cemetery,  and  the  distance  to  which  con- 
tamination may  extend,  obviously  depend  in  each  particular 
case  upon  the  relative  elevation  of  the  respective  sites  of 
cemetery  and  well,  and  upon  the  nature  and  dip  of  the  inter- 
vening strata,  so  that  it  would  seem  impossible  to  lay  down  a 
general  rule  for  all  cases.  Fissured  rocks  might  allow  foul 
matters  to  traverse  considerable  distances,  while  the  interposi- 
tion of  a  bed  of  clay  or  a  water-tight  fault  would  shut  them  off, 
or  the  passage  through  an  aerated  stratum  of  finely  divided 
earth  would  oxidise  and  destroy  them  on  their  way.  A 
dangerous  state  of  things  occurs  when  graves  and  wells  are  sank 
near  together  in  a  shallow  superficial  water-bearing  stratum  of 
loosely  porous  nature  resting  on  impervious  clay.  From  ex- 
periments made  at  Dresden  by  Professor  Fleck  ...  it 
would  seem  that  the  degree  to  which  wells  so  situated  are  liable 
to  pollution  is  greater  when  the  surface  of  the  subsequent  clay 
bed  is  horizontal  than  when  it  is  sloping,  even  though  the  slope 
be  towards  the  well.  In  the  latter  case  the  ground- water  is  on 
the  move ;  in  the  former  it  is  stagnant,  and  hence  the  foul 
matters  are  concentrated  in  a  smaller  volume  of  water ;  just  as 
the  water  of  a  stagnant  pool  is  more  liable  to  become  foul  than 
that  of  a  running  stream.  It  does  not  appear,  however,  that  the 
risk  to  which  wells  are  exposed  from  the  proximity  of  a 
properly  managed  cemetery  is  in  ordinary  cases  great.  A  leaky 
cesspool  is  a  far  greater  source  of  danger  than  a  grave.  The 
solid  and  liquid  excretions  voided  by  a  humiEin  being  in  the 
course  of  a  year  amoimt  to  several  times  the  weighty  of  his 
body. 

**The  State  Board  of  Health  of  Massachusetts  .  .  .  give  a 
series  of  analyses  of  water  from  wells  in  the  neighbourhood  of 
cemeteries.  Of  seven  wells  in  sandy  and  gravelly  soil,  varying 
in  depth  from  4  to  17  feet,  situated  at  distances  respectively  of 
60,  50,  10,  100,  200,  75,  and  100  feet  from  the  nearest  grave, 
and  having  no  other  sources  of  contamination  at  hand,  one  only 
showed  undoubted  evidence  of  contamination  ;  this  was  10  feet 
from  the  nearest  grave,  the  most  recent  interment,  made  five 
and  a  half  months  before,  being  35  feet  distant ;  the  three 
purest  wells  were  those  at  GO,  50,  and  75  feet  distance.  The 
chemical  characters  by  which  it  may  be  inferred  that  the  con- 
tamination of  a  particular  water  is  derived  from  decomposing 
bodies  rather  than  from  sewage,  are  a  high  proportion  of 
nitrogenous  organic  matter  and  ammonia,  or  if  oxidation  have 
proceeded  further,  of  nitrates  and  nitrites,  relatively  to  the 
amount  of  cbloridea  present,  and  also  Wig  T^Te«,ciTicei  vtv  wq\»X^^ 
quantity  of  pho9pha,tGB.^*     (Ii,G.B.  Memorandum,  \"i'^^.^ 


Burial   Grounds. 


Houp.  x.i 

^^k        Both  urban  and  rural  authorities  are  enabled   by^ 

Hiihe  P.H.  (Interments)  Act  of  1879  to  provide  ceme- 

■    teriee  for  their  diatriiita,  and  must  do  ao  if  required 

by  the  L.G.B      The    cemetery  need  not  be  within 

the  district  of  the  B.A.     The  1.0-  B.  point  out,  in  a 

memorandum  issued  in  187!),  that  it  is  incumbent  upon 

kthe  S.A>  to  talie  action — 
■      1.  Where  in  any  burial-ground  that  remains    in 
Hse  there  is  not  proper  space  for  burial,  and  no  other 
Koitable  burial-gi'ouud  has  been  provided. 

2.  Where  the  continuance  in  use  of  any  burial- 
ground  (notwithstanding  there  may  be  such  space)  is, 
by  reason  of  its  Hituation  in  relation  to  the  water 
supply  of  the  locality,  or  by  reason  of  any  circum- 
stances whatsoever,  injurious  to  the  public  health. 

3.  Where,  for  the  proteution  of  the  public  health, 
it  is  expedient  to  discontinue  burials  in  a  particular 
town,  village,  or  place,  or  within  certain  limits. 

The  necessity  may  olao  arise  from  unsuitability  ol 
the  site  or  of  the  subsoil,  or  from  inconvenience  of 
access  from  papulous  parts  of  the  district. 

If  it  is  desirable,  upon  the  above  or  other  grounds, 
to  close  any  existing  burial-place,  a  representation 
must  Vie  made  to  the  Home  Secretary  for  the  purpose 
of  obtaining  an  Order  in  Council  to  that  effect,  under 
the  provisions  of  the  Burial  Act  of  1833. 

In  excavations  for  new  buildinj,'s  in  cities  not  in- 
frequently skeletons  and  coffins  are  met  with,  which 
it  is  required  to  remove.  For  removal  frouj  one 
consecrated  ground  to  another  a  faculty  from  the 
Bishop  of  the  diocese  may  sullice,  but  otherwise 
application  must  bo  made  to  the  Home  Secretary, 
from  whom  "  a  lieeuoe  for  the  removal  of  human 
remains,"  under  the  Burial  Act,  1857  (a,  25),  may  be 
obtained.  The  remains  are  then  suitably  re-coffined 
in  boxes  and  re-interred  in  el  W^rui  ^waQ\  -«Vcx* 
HIpna/s  may  legally  take  plac 
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Interments  underneath  or  within  the  walls  of  any 
church  built  after  1848  are  forbidden  by  the  P.H. 
Act  of  1848  (s.  83;  re-enacted  by  the  P.H.  Act, 
1875).  No  buildings  must  be  erected  upon  any 
disused  burial-ground,  except  for  the  purpose  of  en- 
larging a  place  of  worship  (Disused  Burial  Grounds 
Act,  1884). 

Cremation. — In  a  crematorium  of  modem  con- 
struction a  body  of  average  weight  is  reduced  to 
about  3  lbs.  of  inorganic  ash  within  two  hours.  The 
usual  fuel  is  coal  and  coke,  but  Fradet  recommends 
gas.  In  either  case,  a  ventilating  shaft  with  pilot  fire  at 
its  base  is  necessary.  The  chief  objections  to  cremation 
are  that  the  soil  is  deprived  of  the  organic  matter  that 
would  otherwise  be  returned  to  it,  that  it  involves  an 
unnecessary  waste  of  the  world's  limited  stock  of  com- 
bined nitrogen,  and  that  the  impossibility  of  exhuma- 
tion would  increase  the  facilities  for  concealing 
homicide.  The  first  objection  has  no  great  weight  at 
present,  since  little  attempt  is  made  to  utilise  burial- 
grounds  by  cultivation.  The  last  is,  however,  more 
serious,  and  cannot  be  regarded  as  satisfactorily  met 
by  the  proposition  of  minute  and  detailed  autopsy  in 
every  case.  Half  a  million  examinations  annually, 
each  sufficiently  detailed  to  cover  every  known  poison 
and  every  possible  wound,  would  be  impracticable, 
especially  as  the  result  must,  in  the  vast  majority  of 
cases,  be  negative.  The  discovery  of  organic  disease 
would  not  by  any  means  necessarily  exclude  the  pos- 
sibility of  foul  play.  Some  few  poisons,  such  as 
copper,  might  be  detected  in  the  ashes,  but  organic 
and  volatile  mineral  poisons  would  be  dissipated  by 
cremation.  It  is  true  that  under  present  conditions 
occasion  for  exhumation  rarely  arises,  but  the  possi- 
bility  of  it  may  to  some  extent  act  as  a  check  upon 
crime.  The  Cremation  Act,  1902,  empowers  Burial 
Authorities  (Burial  Boards  or  other  local  autboiities 
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niaintaining  cemeteries)  fco  provide  and  maintain 
crematoria.  The  plans  and  site  must  be  approved  by 
the  L.G.B.,  and  the  completion  must  be  notified 
to  the  Home  Secretary  before  any  cremation  takes 
place.  No  crematorium  may  be  built  within  50 
yards  of  any  pubUc  highway,  within  200  yards  of  a 
dwelling-house  (except  by  consent  of  owner),  or 
within  the  consecrated  part  of  a  burial-ground. 

Home  OflSce  Kegulations  of  1903  impose  conditions  as  to 
maintenance,  inspection  (by  Home  Office  and  Ij.G.B.),  disposal 
of  ashes,  and  the  further  points  stated  below.  Cremation  is 
not  allowed  if  the  deceased  has  left  writt-3n  directions  to  the 
contrary,  or  if  the  body  has  not  been  identified.  There  must 
be  {(C)  medical  certificates  as  to  the  cause  of  death  from  two 
registered  practitioners  (one  being  the  medical  attendant  and 
the  other  a  practitioner  of  at  least  five  years'  standing  who 

(1)  is  specially  appointed  by  the  Authority  for  the  purpose,  or 

(2)  is  M.O.H.,  Certifying  Surgeon  under  the  Factory  Act, 
or  Medical  Referee  under  the  Workmen's  Compensation  Act, 
or  (3)  is  physician  or  surgeon  to  a  public  general  hospital  with 
at  least  50  beds),  or  (&)  a  certificate  given  after  post-mortem 
examination  by  a  skilled  pathologist,  or  {c)  a  certificate  given 
by  a  coroner  after  inquest.  In  certain  circumstances  (A)  and 
{c)  become  essential. 

A  Medical  Referee  must  be  appointed  by  the  Authority, 
and  a  deputy  to  act  for  him  in  his  absence  or  in  cases  where  he 
is  the  medical  attend  int.  His  certificate  that  all  the  condi- 
tions have  been  fulfilled  is  necessary  before  any  cremation  can 
take  place,  but  certain  relaxation  can  be  allowed  by  him  in 
exceptional  cases  (persons  dying  of  plague,  yellow  fever,  or 
cholera,  on  ship  or  in  an  isolation  hospital ;  still-bom  children; 
bodies  exhumed  after  burial  for  more  than  a  year).  Other 
modifications  can  be  made  temporarily  by  Order  of  the  Home 
Secretary  on  application  of  the  S,A,,  during  an  epidemic  or 
for  other  sufficient  reason. 
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CHAPTER      XI. 

ANIMAL    PARASITES. 

In  addition  to  the  pathogenic  bacteria,  belonging 
rather  to  the  vegetable  than  the  animal  kingdom,  the 
human  body  is  liable  to  invasion  by  a  number  of 
parasitic  animal  organisms,  among  which  the  following 
are  the  most  important. 

Protozoa  are  unicellular  animals,  little  more 
highly  developed  than  some  of  the  bacteria.  They 
are  usually  divided  into  four  classes :  Rhizopods, 
Sporozoa,  Flagellates,  and  Infusoria.  The  last 
named  group,  which  includes  paramcpcium,  need  not 
be  fui-ther  considered.  It  is  only  recently  that  the 
relation  between  these  protozoa  and  human  disease 
has  been  demonstrated  with  any  clearness. 

The  Rhizopods  are  the  lowest  group,  and  com- 
prise  the  amoebae  which  move  by  pseudopodia  and 
reproduce  themselves  by  simple  division.  Many  kinds 
of  amoeba  occur  in  the  human  intestine,  some  being 
genuine  rhizopods  in  vegetative  stage,   others  being 
amoeboid    stages    of    higher    forms.      Two    of     the 
forms   (GymnamoibcE)  are  human  parasites,  namely, 
the   ammba  coli  (or  as  it  is  termed   by  Schaudin, 
entamoeba)    and   the     amoeba   dysenterioi    [entamoeba 
histolytica).     The  former  appears  in  the  excreta  of  20 
-50  per  cent,  of  healthy  persons,   though  it  is  not 
easy  of  detection.     The  latter  is  possibly  the  cause, 
wholly  or  partly,  of  dysentery,  as  commonly  occurring 
in  the  tropics. 

The  Sporozoa.  are  so  called  because  at  one  stage  of 
their  life  history  the  individual  breaks  \x^m\.o^Ti\x\s^^x 
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of  minute  reproiIuctivB  l)odies  resembling  the  spores 
of  fungi,  often  encysted.  This  j^roup  includes  tlie 
ffreijnrvnea  which  inhabit  the  digestive  ti-act  of 
cruataceana,  the  coccidia  which  are  intestinal  parasites 
in  birds  and  in  animals,  and  the  kmniotporidia,  or 
parasites  of  blood  corpuscles,  such  as  the  pi-otozoa 
of  malaria.  The  life  history  comprises  alternation  of 
generations  and  change  of  host.  Once  the  soxoally- 
produced  reproductive  body  or  spore  finds  its  way  into 
a  suitable  host  it  attains  its  full  size  and  then  splits 
up  into  individuals  which  carry  on  the  cycle. 

Coeciiiittm  ovifonnt  proilucea  coctidiosia  or  jisoruspEirmoais  in 
rabbits  and  other  animala.  Pi/TBioma  bigeinintim,  the  cause  of 
Tbxilh  fov<>r  in  cul  tic,  which  ia  transmitted  by  a  tick,  is  a  ulouely 
allied  Drgsniani. 

The  Flagellates  include  the  Trypanoaomea,  which 
cause  v»riotis  diseases  of  horses,  bovinea,  rodents,  etc. 
They  have  now  been  shown  to  he  the  cause  of  certain 
diseases  of  man,  such  as  sleeping  sickness,  and  ars 
conveyed  by  a  fly,  Olossina  palptilU.  A  trypanosome 
lias  along  spermatozoon-like  body  fringed  on  one  side 
with  an  undulating meiubrane  prolonged  at  the  anterior 
end  into  a  flagellura.  The  body  posseBses  a  large 
nucleus.  One  species,  at  least,  has  been  cultivated  on 
blood  ^ar.  The  oi^anism  passes  through  various 
stages  in  its  life  cycle,  and  a  connection  has  recently 
been  established  between  the  malaria  parasite  and  the 
trypanosome.  It  is  probable  also  that  a  relation 
exists  between  both  of  these  parasites  and  the  higher 
bacteria  known  as  Spirochretie  ;  indeed  tliey  may  only 
be  forms  of  the  same  organism. 

The  next  group  of  animal  parasites  infesting  man 

are  the  Inseota  and  the  Arachnida.  Among  the  former 

are  fleas,  bugs,  lice,  the  Pulieida,  and  the  larvee  of 

certain  flies;  among  the  latter  are  \\i.r  wi'wa, ■Ovdsa, 

pad  PeiUastoiiiata.     More  imporiant  ate  tVa  ^ax^s^iia- 
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worms,  which  may  be  divided  broadly  into  two  groups 
as  follows  : — 

1.  The  flat  worms  (Platyhelminthes),  which  are 
usually  sub-divided  into  the  Cestoda  or  tapeworms 
and  the  Trematoda  or  flukes. 

2.  The  round  or  thread  worms  (Nemathelminthes) 
or  Nematoda.  This  group  includes  the  coiiimon  thread 
worm  (Oxyuris  vermicula/ris),  the  commop  round  worm 
(Ascaris  lumhricoides),  and  the  various  forms  of  filarise 
and  ankylostoma. 

T«eniada« — It  has  been  said  that  as  many  as  a 
dozen  forms  of  tapeworm  occur  in  man.  This  species 
of  Cestoda  passes  through  two  distinct  phases,  in  two 
different  hosts.  In  one,  the  head,  or  scolex,  together 
with  a  cystic  expansion,  is  embedded  in  muscle  and 
other  solid  tissues;  in  the  other,  the  strohilus  or 
tapeworm  occupies  the  alimentary  canal  of  some 
other  animal.  If  the  flesh  containing  taenia  cysts 
(cysticerci)  is  eaten  by  another  animal,  the  scolex 
reaches  the  alimentary  canal  of  the  new  host,  loses 
its  cyst,  and  attaches  itself  to  the  wall  of  the  intes- 
tine. It  then  develops  from  the  caudal  end  joint 
after  joint  of  proglottides,  square  or  oblong  flat 
segments,  each  of  which  is  provided  with  double 
sexual  organs.  The  chain  of  proglottides  may  attain 
a  length  of  many  feet.  Ova  are  produced  in  the 
segments,  and  escape  with  the  excreta  of  the  host  if 
the  segments  rupture  or  become  detached,  or  if  the 
whole  of  the  tapeworm  is  expelled.  Some  of  the  ova 
are  swallowed  by  a  herbivorous  host,  and  the  embryo 
then  bursts  its  shell,  makes  its  way  from  the  intes- 
tine to  the  solid  tissues  of  the  host,  and  after  develop- 
ing anew  into  a  cysticercus,  remains  passive  until  it  is 
devoured  by  a  carnivorous  animal,  or  perishes. 

Man  is  subject  to  tapeworms,  and  more  rarely  to 

tJieir  cysticerci.     Taenia  solium^  one  of  the  commonest 

of  human  tapeworms,  attains  a  \eiv^;\i  oi^^^^"G.\.Q^T\. 
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feet  or  more,  consisting  sonietimeB  of  700  to  800 
proglottides.  Tlie  head  is  about  the  size  of  the  head 
of  a  pin,  and  bears  four  suctoria,!  disce,  and  a  double 
circle  of  booklets  surrounding  a  prominence  or  roa- 
tellum.  It  attains  its  full  development  in  three  or 
four  months,  but  may  remain  in  the  intestine  for  years. 
The  ovum  is  spherical,  y^;,'  i^'^t  ^  diameter,  and 
has  a  thick  brown  shell ;  the  embryo  has  six  hooks. 
The  cysticercua  or  bladder  ■worm  of  the  Ttenia  solium 
ia  termed  Cysticercua  eelluloam.  It  affects  the  pig, 
and  more  rarely  man ;  in  the  latter  it  lodges  in  the 
muscles,  connective  tissues,  brain,  eye,  and  serous 
membranes,  and  attains  its  full  development  in 
about  3^  montha.  The  cyst  reaches  the  size  of  a  pea, 
or  even  a  marble ;  the  head  or  acolex  has  a  double 
crown  of  liooklcts.  In  piga  it  constitutes  the  affection 
known  aa  "  measles,"  and  the  consumption  of  un- 
cooked "  measly  pork  "  ia  the  chief  source  of  Tcenia 
solium,  in  man. 

Teenia  inedioeanellnta  is  more  common  than  Tmnia 
solium,  and  somewhat  resembles  it,  but  its  length 
is  greater  (20  ft.).  The  head  ia  about  -^  inch  in  dia- 
meter, and  has  foiir  suckers,  but  no  rostellum  or 
booklets.  The  egga  are  oval,  the  short  diameter  being 
about  j-J-jf  inch.  The  Cysticercua  ttenttE  mediacanellata, 
or  Cystieercus  bovia,  is  an  oval  vesicle  smaller  than 
the  Cysticercua  oellulosm.  It  consists  o£  a  cyst,  and 
a  Bcolex  identical  with  the  head  of  the  tienia  itself, 
the  flesh  of  cattle  and  produces  "  beef 


Botkrioceplialus  latus. — Thia  t^nia  attains  a 
length  of  24  feet  or  mora  The  head  ia  ovoid,  ^  inch 
long,  and  haa  two  longitudinal  grooves  or  suckers,  but 
no  booklets.  The  body  ia  ribbon-like  and  may  have 
a^  many  as  3,000  segments.  The  eggs  are  ovol^B^Kfa^ 
-j^-j  inch  Bhorter  diameter,  and  o'pon.b'ja.XiiaNjaQftw^ 
The  cysticercua  is  found  lu  pike,  lurVicft.,  "^ecOtv. 
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other  fish.  The  taenia  is  met  with  principally  in  the 
Baltic  countries  (Russia,  Poland,  Sweden)  and  in 
Switzerland.  It  may,  perhaps,  gain  access  to  the  ali- 
mentary canal  by  means  of  drinking-water,  as  the 
embryo  is  ciliated,  and  is  found  in  river  water. 

Tcenia  echinococcus  affects  the  dog  and  wolf  only. 
The  head  resembles  that  of  Tcenia  solium  in  presenting  a 
rostellum  surrounded  with  a  double  row  of  booklets  and 
four  suckers,  but  it  is  only  y^  inch  in  width.  There 
are  four  segments  only,  and  the  whole  adult  tapeworm  is 
about  2  inches  long.  The  eggs  are  spherical  and  con- 
tained only  in  the  terminal  or  reproductive  segment. 
Its  cysticercus  is  a  dangerous  human  parasite  affecting 
the  liver  and  various  other  parts  of  the  body  under 
the  name  of  Iiydatid,  which  occurs  more  frequently 
in  Iceland  and  Australia  than  in  Great  Britain. 
Unlike  other  cysticerci  it  increases  indefinitely  in 
size,  becoming  sometimes  a  large  cyst ;  it  also  forms 
within  itself  secondary  cysts,  some  of  which  ("brood- 
capsules  '*)  contain  one  or  more  scolices  (echinococci) 
and  remain  minute,  while  others,  containing  no 
scolex,  enlarge  and  form  "daughter  cysts,''  which 
may  in  turn  produce  new  cysts  by  gemmation.  After 
death  the  scolex  or  echinococcus  resembles  the  head 
of  the  taenia,  but  during  life  it  is  retracted  into  a 
depression,  and  thereby  turned  inside  out.  Hydatids 
may  continue  to  grow  for  an  indefinite  number  of 
years,  and  are  spread  among  men  and  animals  by 
aflected  dogs. 

Tcenia  nana  is  occasionally  met  with  in  England. 

Trematoda  or  flukes  furnish  two  human  para- 
sites, the  Bilharzia  Iltematobia  and  the  Distotnum 
hepaticum. 

Bilharzia  hcematobia  is  believed  to  be  the  cause  of 
a  form  of  intermittent  hsematuria  endemic  in  Egypt, 
South  Africa,  and  elsewhere.  T\ie  i^SLTAsite  is  about  j 
nich  long,  and  infests  the  veina  oi  t\ife  lax^^  mX^^^Xlma, 
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bladder,  ureter,  and  pelvis  of  the  kidney.  It  causes 
small  patches  of  in fl animation  aloug  these  tracts,  and 
the  urine  frequently  contains  blood  and  the  ova  of 
Bilharzia.  The  ureter  may  be  obstructed.  Dyaenteric 
symptoms  occasionally  occur  owing  to  the  presence  of 
the  parasite  in  the  veins  of  the  intestine.  The  ova 
are  about  y-J-g  inch  long,  and  have  a  sharp  projecting 
apine  at  one  end,  not  quite  in  the  longitudinal  axis. 
The  parasite  probably  gains  access  to  the  human  body 
through  water,  either  by  drinking  or  by  direct 
infection  of  the  urinary  and  alimentary  tract  during 
bathing.  Tike  lavva  becomes  encysted  in  the  body  of 
a  minut«  aquatic  crustacean.      {Sansino') 

The  common  liver-fluke  or  Diatomum  hepalicum, 
which  produces  "liver-rot"  in  sheep,  is  shaped  like 
a  diminutive  sole  and  is  about  an  inch  in  length.  It 
may  infect  persons  consuming  aflfected  livers,  and 
may  be  found  in  the  tissues,  and  particularly  in  the 
portal  system. 

Nematoda. — The  common  round  worm,  or 
Aacaris  btm/tricoides,  alfects  maa  and  other  animals. 
Its  habitat  in  man  is  chiefly  the  small  intestine. 
It  is  pinkish  in  colour,  and  tapers  to  each  end.  The 
male  is  about  6  inches  long,  the  female  13.  The  ova, 
enormous  numbers  of  which  are  discharged,  are  oval 
and  nodulated,  and  measure  about  -^^  inch  in  least 
diameter.  It  is  believed  that  the  ova  develop  only  in 
an  intermediary  host.  The  thread  worm,  Oxyuria 
vermiealafis,  is  much  smaller,  the  female  measuring 
about  half  an  inch  in  length,  and  the  male  about  a 
quarter  of  an  inch.  They  occur  in  enormous  numbers, 
chiefly  in  the  rectum.  The  ova  are  un symmetrical 
but  oval,  their  short  diameter  being  nVu  ^i^d-  '"cg 
diameter  -^^  inch.  The  origin  of  threadworms  is  un~ 
certain,  but  it  is  probable  that  they  are  occasionally 
disseminated  by  means  oE  dr\Q\i.m^--wa.te!, 
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long,  inhabits  the  upper  part  of  the  jejunum  in  man, 
A,  duodenaU  being  found  in  Europe  and  the  tropics, 
and  A.  americanum  in  the  United  States.*  It 
possesses  no  intermediate  host^  and  there  is  no 
sexual  generation  outside  the  host.  The  infec- 
tion of  each  host  (man,  sheep,  etc.)  is  specific  for 
each  parasite.  The  adult  alone  is  infective,  the  eggs 
and  young  larva  being  non-infective.  The  fresh  ova 
are  characterised  by  a  thin,  clear,  colourless  shell  of 
oval  form,  encasing  greyish  contents  divided  by  seg- 
mentation, and  eventually  becoming  a  morula  before 
the  emergence  of  an  active  vermiform  embryo  (in  18 
hours).  From  the  fresh  egg  the  encapsuled  larva 
appears  in  4  or  5  days  or  longer.  The  second  period 
of  growth  within  the  host  from  the  encapsuled  larva 
to  the  adult  occupies  about  5  weeks.  The  encapsuled 
larva  is  capable  of  prolonged  saprophytic  existence 
under  favourable  conditions.  The  eggs  are  killed  in 
about  24  hours  at  40**  0.  or  at  zero,  and  below  13°  C. 
they  will  not  hatch.  Moisture  and  free  oxygen  are 
necessary  for  development  of  ova  after  expulsion  from 
the  body. 

Ankylostoma  obtains  access  to  man's  intestine  by 
the  mouth  and  through  the  unbroken  skin  through 
the  hair  follicles  as  encapsuled  larva  (Loos).  From 
the  skin  it  is  carried  by  the  blood  stream  to  the 
lungs,  up  the  trachea  and  down  the  oesophagus  to  the 
alimentary  tract,  in  which  the  parasite  attaches  itself 
to  the  villi  of  the  jejunum,  abstracting  blood  and 
producing  hemorrhages.  The  typical  result  of  infec- 
tion is  anaemia,  sometimes  associated  with  dyspeptic 
conditions.  Many  persons  harbouring  the  worm, 
however,  suffer  from  no  symptoms  of  disease  at  all. 
Dobson  found  eggs  in  the  excreta  of  75  per  cent,  of 
the  natives  oi  Assam  ;  and  Boycott  found  them   in 

*  This  nematode  has  also  been  termed  Sclerostuiaa  a,uoOLe;Tivy.\e^  DotAvm\u^ 
auodenalis,  and  Stroiigylus  dwode/ialis. 
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100  per  cent,  of  workers  in  cei-tain  Comiah  rainea, 
aJthough  not  more  than  10  per  cent,  of  t!ie  men  were 
actually  ill.  The  healthy  worm-carrier  is  prohably 
lOno  of  the  chief  factora  in  dissemination,  and  may 
;0outinue  to  dtacburge  ova  for  years.  The  disease  has 
long  been  known  under  such,  names  a^  "Egyptian  , 
chlorosis,"  tropical  ansemia,  or  miners'  anreraia,  but 
«iily  recently  fully  de)icribed  by  Ualdaneas"Dolcoath 
tfuitemia."  It  is  now  termed  anki/loatomiasis,  and  is 
trecognised  as  an  endemic  disease  of  warm  climates, 
.xeadily  introduced  into  temjierate  climates  by 
idiasemination  of  the  worm.  The  effect  of  tempera- 
ture operates,  however,  in  cold  climates.  For  instance, 
.Tenholt  has  shown  tliat  in  Weatphalian  mines  where 
the  temperature  is  below  17"  C.  the  cu:sea  of  anky- 
iostomiasis  (antemia)  per  1,000  men  employed  uniler- 
'^^uud  was  only  0-6,  whereas  where  the  temperature 
;waa  30-2a°  C.  ib  was  2-5,  when  it  waa  2:3-25°  0.  1 1  7, 
.VDd  when  above  25'  C.  it  was  399  per  1,000.  Treat- 
ment consists  in  purgation  (calomel),  followed  by 
.■ttiree  successive  doses  of  30  grains  of  thymol.  In 
Westphalia  ethereal  extract  of  male  fern  is  used. 
■Preventive  measures  are  baaed  upon  personal  pre- 
teautiona  against  ingestion  or  akin  infection,  and  of 
iparation  of  the  diseased  from  healthy  persons. 
Ti-ickvna.  spiralis  attacks  rodents,  ]>igs,  and  many 
sr  animals  besides  man,  causing  the  disease  known 
«8  trichinosis.  It  is  found  in  the  tiissues,  and  espe- 
■oially  in  the  mnscles,  in  the  form  of  ovoid  cysts  about 
-^  inch  in  length,  just  visible  to  the  naked  eye. 
"Within  each  cyst  is  coiled  an  immature  trichina,  about 
>^  inch  long.  The  encapsuled  trichina  may  retain 
:flieir  vitality  for  many  years,  or  may  perish  and 
calcified.  If  the  tissues  in  which  they  lodge 
are  eaten,  the  capsule  is  dissolved  by  the  g^tria  V*-"*^-* 
,»iid  the  liberated  trichinre  ra'p\d\y  ieN^Q-^,'Oiv'fai^'o 
mttaining  in  one  or  two  days  a  \etv^>i  0I  ^^SsvOo.,"^ 
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female  \  inch.  Ova  are  formed  and  impregnated,  and 
are  hatched  within  the  uterus  in  about  a  week.  The 
embryos  escape,  burrow  into  the  walls  of  the  intestine 
and  find  their  way  into  the  tissues  of  all  parts  of  the 
body,  where  they  become  encapsuled  and  form  the 
cysts  already  described,  within  a  month  from  the  inges- 
tion of  the  trichinous  food. 

Trichinosis  in  man  is  generally  due  to  the  consump- 
tion of  the  imperfectly  cooked  flesh  of  a  pig  suffering 
from  the  disease.  In  Germany,  where  ham,  pork,  and 
sausage  are  often  eaten  almost  or  quite  raw,  trichinosis 
is  far  more  common  than  it  is  in  England.  The 
symptoms  commence  within  a  week,  with  nausea, 
abdominal  pain,  irregularity  of  the  bowels,  prostra- 
tion, rapid  pulse,  and  elevation  of  temperature. 
The  malady  usually  increases  in  severity  for  one 
or  two  weeks,  and  then  gradually  subsides,  but  fatal 
enteritis,  peritonitis,  or  pneumonia  may  supervene, 
or  the  patient  may  die  of  exhaustion  at  any  time 
from  the  end  of  the  first  to  the  end  of  the  sixth 
week.  Characteristic  symptoms  attend  the  invasion 
of  the  tissues  by  the  parasites.  The  muscles  become 
painful,  tender,  swollen,  and  stiff,  so  that  the  limbs  are 
flexed  and  motionless.  The  voice  is  often  hoarse  or 
aphonic,  from  implication  of  the  larynx.  The  pain  in 
the  limbs  differs  from  that  of  rheumatism  in  not  affect- 
ing the  joints,  but  only  the  muscles.  CEdema  occurs 
early,  first  in  the  eyelids  and  face,  next  in  the  hands 
and  feet,  and  may  become  general  and  involve  the 
serous  cavities.  The  other  symptoms  include  increas- 
ing prostration  and  copious  perspirations ;  the  tem- 
perature may  be  little  above  the  normal,  and  if  high 
is  irregular  and  subject  to  morning  remissions.  The 
mortality  is  sometimes  very  slight,  sometimes  20  or 
25  per  cent. 

V&rioxna  forms  of  j?^ilaria  TDia.^  mfe^t.  man,  i;)ar- 
ticularly    in    the    tropics,   settm^  m^  ^  N^\:\a\»^   <^\ 
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pathological   conditions,    such    as   abscesE,    lyinpLan- 
gitia,    chyluria,    elephantiasis,    etc.      The    species   ia 
rarely  seen  in  the  adult  form,  is  a  hair-like  parasite, 
jjiid  may  attain  a  length  of  thxee  or  four  inches.     An 
"^   iDiature  form,  met  with  in  cases  of  chyluria,  is  about 
inch  long.    The  ova  are  about  ^ij'oo  ""^'^  long,  and 
kving  no    distinct     shell,    their  shape  is    somewhat 
ular.     The  parasite  is  found  chiefly  in  the  East 
West  Indies,  but  occasionally  in  England,  even 
long  persons  who  have  never  left  the  country.     It 
iiinds  in  the  blood  of  affected  persons  during  the 
jht  ^Filat-ia  ntictAima),  but  disappears  from  the  cir- 
ilation  by  day ;  by  changing  the  habits  of  the  patient 
'b  periodicity  can  be  revereed.     Its  presence  ia  com- 
inly  associated  with  one  of  two  diseases — chyluria 
1    elephantiaigs — due    to    the    obstruction    of    the 
iphatica,   etc.,    by   the   parasite.      The    fonuer  is 
laraoterised  by  periodic  attacks,  in  which  the  urine 
icomes  milky  and  upon  standing  coagulates,  but  the 
lagulum  HOOD  breaks  down  and  decomposition  sets  in 
Lpidly.     These  phenomena  have  been  traced  to  ad- 
mixture of  lymph  with  urine,  and  immature  filarim 
are    visible  under  the  microscope.      Elephantiasis  is 
attended  with  enormous  enlargement  of  the  greater  or 
smaller  part  of  the  trunk  or  iimbs,  and  especially  the 
legs  and  generative  organs  [E.  Aralium). 

Fila/na  mediTtemis  vel  dracuruiidus,  or  Guinea 
about  -^  inch  in  diameter,  and  usually  one 
to  three  feet  long.  It  is  endemic  in  certain  tropical 
gions.  The  embryos  affect  minute  aquatic  Crustacea 
'yclopg),  in  which  they  undergo  larval  development. 
Lter  they  gain  access  to  the  human  tissues,  but 
■frhether  by  means  of  drinking-water  or  infection 
through  the  skin  during  bathing  is  not  clear.  They 
burrow  in  the  tissues,  especially  of  the  legs,  cansiiuf, 
Uirge  boils  and  sores. 
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CHAPTER  XII. 

INFECTION. 

Certain  diseases,  the  number  of  which  is  steadily 
increasing  owing  to  improved  methods  of  observation, 
are  termed  specific  or  infective,  and  are  regarded  as 
due  to  the  invasion  of  the  system  from  without  by 
a  definite  "ferment"  or  poison,  which  grows  and 
multiplies  in  the  body.  In  some  of  them  the  poison 
is  given  off  again,  and  these  diseases  are  therefore 
infectious,  or  transmissible  from  person  to  person. 

modes  of  Infectiou. — It  cannot  be  said  that 
the  possible  means  by  which  infection  is  given  off 
have  been  exhaustively  determined  in  regard  to  any 
disease,  but  certain  well-established  modes  may  be 
mentioned,  namely  : — 

(1)  By  the  breathy  in  small-pox,  measles,  whooping 
cough,  pneumonia,  mumps,  typhus,  scarlet^fever,  and 
probably  the  great  majority  of  infectious  fevers.  Little 
is  known  of  the  distance  to  which  infection  can  be 
carried  through  the  air ;  long  ranges  seem  to  be  pos- 
sible in  small-pox,  and  may  be  suspected  in  measles  and 
whooping  cough  ;  typhus  and  plague  only  infect  at 
short  distances,  and  this  is  probably  true  of  scarlet- 
fever. 

(2)  By  exhalations^  from  the  skin  in  typhus,  and 
possibly  other  diseases,  from  wounds  in  pyaemia, 
erysipelas,  and  other  septic  diseases. 

(3)  By  desquamated  particles  of  epidermis  in 
scarlet-fever,  and  pustules  in  small-pox.  These  may 
be  carried  by  currents  of  air. 

(4)  By  secretions  and  excretions.  Mucus  from  the 
mouth,   throat,   etc.,  is  infective  in  diphtheria  aad 
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acai'leti-fevcr ;  sputa  in  tubercular  phtbiHis ;  saliva  in 
rabies  in  doga  if  not  in  man.  Milk  is  liable  to  carry 
infection  (Chapter  IV.).  The  bowel  excreta  are  in- 
fective in  enteric  fever  and  cholera.  The  urine 
is  also  a  vehicle  of  infection  in  some  acute  specific 
feveTB,  as,  for  instance,  in  enteric  fever.  Syphilis 
and  gonorrhosa  are  trauBmitted  by  means  of  tlio 
specific  discharges. 

Ah  regards  the  recipient  the  mode  of  infection  is 
also  varied.  Many  diseases  are  conveyed  through  the 
air,  and  the  virus  is  doubtless  inhaled,  lodging  either 
on  the  fauces  or  in  the  lungs.  Water  is  known  to  be 
able  to  convey  the  poison  of  enteric  fever  and  cJiolera, 
and  milk  that  of  scarlet  fever,  enteric  fever,  and 
diphtheria,  the  poison  in  such  oases  being  swallowed. 
It  is  probable  that  the  specific  organisms  multiply  in 
these  media.  Experiments  seem  to  show  that  the  acid 
gastric  juice  kills  microbes  that  are  not  in  the  spore 
stage,  but  since  the  reaction  is  not  acid  in  the  absence 
of  solid  food,  this  safeguard  is  incomplete,  especially 
as  regards  water-borne  virus.  Infective  particles  car- 
ried in /oraifes,  i.e.  in  clothing,  etc.,  or  conveyed  by 
the  hand  to  the  mouth,  may  be  inhaled  or  swallowed. 
Mosquitoes  carry  the  malarial  poison  and  that  of 
yellow  fever,  and  flies  convey  infection,  e.g.  of  anthrax, 
plague,  enteric  fever,  and  cholera,  to  a  raw  surface,  or 
to  milk  or  other  food.  An  attempt  is  sometimes  made 
to  distinguish  as  "  contagious  "  those  diseases  which 
are  not  usually  transmitted  without  direct  personal 
contact ; ,  but  this  condition  is  not  absolute,  and  is 
favourable  t«  the  transmission  of  any  infectious  malady. 
Puerperal  fever  may  be  regarded  as  an  example  of  in- 
fection by  contact  or  inoculation.  A  few  diaeasea,  of 
which  rabies  and  vaccinia  are  typical  examines,  can 
only  be  conveyed  by  inoculation,  that  is,  by  lodtE^ooclb 
of  the  virus  in  an  abrasion  ol  tW,  dfiiti  -,  'O&Sa  is.  •*« 
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although  iulialation  is  also  possible.  Small-pox,  tuber- 
culosis, and  certain  other  diseases  are  also  inoculable. 
Inoculation  may  occasionally  take  place  through  un- 
broken skin.  This  has  been  shown  to  be  possible  as 
regards  virulent  cultures  of  the  glanders  bacillus  if 
rubbed  in.  Ankylostoma  is  believed  to  gain  access 
through  the  hair  follicles  (page  284). 

In  leprosy  the  mode  of  infection  is  still  unknown, 
although  the  microbe  is  now  familiar.  Even  less  has 
been  made  out  in  regard  to  rheumatic  fever,  the 
specific  nature  of  which,  though  probable,  still  remains 
open  to  doubt. 

De  Novo  Hypothesis.  —  Some  authorities 
believe  that  certain  specific  diseases  occasionally  arise 
de  novo,  independently  of  infection  from  any  previous 
case.  This  has  been  alleged  more  especially  as  regards 
relapsing  fever,  typhus,  enteric  fever,  diphtheria, 
erysipelas,  puerperal  fever,  hospital  gangrene,  and 
septicaemia.  The  closest  examination  often  fails  to 
reveal  any  exposure  to  infection,  and  occasionally, 
under  favourable  conditions,  these  diseases  spring  up 
in  localities  that  have  for  years  been  entirely  free 
from  them.  The  tendency  of  modern  research,  how- 
ever, is  to  find  an  adequate  explanation  in  infection 
conveyed  hj  /omites,  by  food,  by  insects,  by  air-borne 
micro-organisms,  by  lower  animals  suffering  from 
the  same  disease,  possibly  with  widely  different 
manifestations,  or  by  aberrant  forms  or  unobserved 
attacks  in  man.  The  supposed  logical  necessity  of  a 
"  previous  case,"  that  is,  of  an  immediately  antecedent 
human  case,  has  lost  some  of  its  significance  since  we 
have  learned  to  recognise  the  actual  living  materies 
inorhi,  to  detect  it  in  air,  water,  and  soil,  to  cultivate  it 
in  artificial  media  for  indefinite  periods,  to  transmit  it 
to  lower  animals,  and  to  increase  or  lessen  its  virulence 
at  will.  It  is  noteworthy  t\\a\.  Taos\.  oi  \\v^  \wf ective 
diseases  suspected  of  origin  de  novo  ^\^  ^\\)sv-^\%^».'e«&^ 
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and  due  to  niicrobee  that  can  be  cultivated  outside 
the  living  body.  Further,  it  has  been  found  that 
there  are  non-pathogenic  microbes  of  wide  distribution, 
which  in  every  point  except  virulence  closely  reseinble 
tiie  BpecilJc  microbes  of  enteric  fever  and  diphtheria  ; 
and  non-pathogenic  bacilli,  morphologically  similav 
to  anthrax  bacilli,  have  been  found  to  be  protective 
against  anthrax.  Some  authorities  regard  these  harm- 
leas  microbes  as  being  probably  genei-ically  identical 
■with  the  virulent  microbes  that  they  resemble,  and 
therefore  capable  of  assuming  a  virulent  character  if 
eoltivftted  under  suitable  conditions,  a  view  that  re- 
bitrodoees  the  de  novo  hypothesis  in  a  now  form. 
'  Endemics,  Epidemics,  pRndeniics. —  Many 
H  the  specific  diseases,  and  especially  those  that 
ve  relation  to  telluric  conditions,  attach  themselves 
jre  or  less  permanently  to  certain  localities,  and 
e  termed  endemic ;  thus  cholera  is  endemic  in  the 
CUilta  of  the  Ganges,  leprosy  in  parts  of  Norway 
imall'pox  in  the  Soudan  and  elsewhere,  and  in  a  less 
^rked  degree  diphtheria,  enteric,  aud  scarlet-fever 
be  said  to  be  endemic  in  certain  districts  in 
[England.  From  time  to  time  most  diseases  of  the 
■pecific  class  become  widely  prevalent  over  a  larger  or 
Itfnaller  area,  and  are  said  to  be  epidemic.  Thus 
Solera  in  an  epidemic  form  occasionally  spreads  west- 
hiard  over  Europe,  disappearing  almost  entirely  iu 
^e  intervals.  SnaaU-pox,  scarlet-fever,  measles,  and 
Wher  diseases,  which  are  always  present  in  England, 
me  an  epidemic  form  every  few  years,  locally 
n  widespread  outbreaks.  Occasionally  a  disease 
''"diffuses  itself  so  generally  over  a  great  part  of  the 
globe  as  to  constitute  a  pandemic. 

The  causes  of  such  outbursts  are  still  imperfectly 
known.     They  have  been  attributed  vagjaVj  ^  ^''  «^v- 
detnic  constitution  "  of  the  tdr,  to  "  'pa.-D.iaoflc  ■^vi.Mes.'' 
^^of  ankiwxTi  natui-e,  and,  more  mte\\.\^Vi\'3 , ''■'^  '^^' 
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and  meteorological  conditions,  accumulation  of  sus- 
ceptible persons,  facilities  for  convection  or  trans- 
mission, and  (as  regards  cholera  and  other  '^  filth- 
diseases  *')  imperfect  sanitation.  Scarlet-fever,  in  tem- 
perate climates  where  it  has  established  itself  perma- 
nently, tends  to  become  epidemic  at  intervals  of  about 
five  years ;  measles  at  intervals  of  about  two  years. 
Whooping  cough  is  more  irregular  than  either,  but  on 
an  average  becomes  prevalent  every  second  year. 
Diphtheria  shows  no  very  marked  periodicity,  apart 
from  its  dependence  upon  season,  and  enteric  fever 
none. 

It  will  be  seen  presently  that  the  liability  to  each 
kind  of  infection  varies  in  man  according  to  age  and 
sex,  as  well  as  locality,  climate,  season,  and  surround- 
ings. Similar  variation  occurs  among  the  difierent 
races  of  men,  and  still  more  conspicuously  among  the 
different  genera  and  species  constituting  the  animal 
kingdom. 

The  more  important  specific  diseases  that  are 
common  to  man  and  certain  lower  animals  are  vaccinia, 
tuberculosis,  anthrax,  rabies,  tetanus,  glanders,  actino- 
mycosis, and  septicaemia.  Influenza  ought  probably 
to  be  added  to  the  list.  There  is  some  reason  to 
believe  that  diphtheria  and  scarlet-fever  affect  the 
cow,  and  the  same  may  be  said  of  enteric  fever. 
Variolous  diseases  attack  sheep  and  other  animals, 
but  are  probably  not  identical  with  small-pox. 

Incubative  Period. — A  latent  or  incubative 
period  intervenes  between  infection  and  the  Appearance 
of  the  first  symptoms  of  the  disease.  It  is  fairly 
constant  for  each  disease;  but  shorter  and  more 
uniform  when  infection  is  due  to  inoculation  or  in- 
gestion, and  in  rabies  is  dependent  further  upon  the 
position  of  the  bite. 

Little  is  accurately  known  of  the  changes  that 
occur  during  incubation,  \)eyoTi^  ^;^l^  ^««^^  ^^^  ^^ 
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poison  is  muitiplying  in  some  part  of  the  syetem.* 
The  onsnt  of  syitiptoTiiB  is  very  gradual  in.  enteno 
fever  and  a  few  others,  but  sudden  in  tlie  majority. 
The  temperature  invariably  rises,  and  the  chaj-acter- 
istic  phenomena  of  each  malady  follow  with  more  or 
lesB  intensity.  A  rash  makes  its  appearance  upon 
the  skin  in  certain  of  the  infectious  diseases,  hence 
termed  examtlminnia ;  the  date  of  its  appearance  is 
constant  for  each  disease  within  narrow  limits,  and 
ita  distribution  and  other  characteristics  are  also 
more  or  less  uniform.  The  chief  exanthemata  afl'ecting 
man  are  small-pox,  varicella,  scarlet-fever,  measles, 
rbtheln,  enteric  fever,  and  typhus.  In  exceptional 
cases,  the  rash,  like  any  other  given  symptom,  may 
be  wanting, 

Course  wf  Discnse. — As  a  rule,  the  specific 
diseases  have  a  short  and  definite  course,  ending  in 
death,  or  in  recovery  with  or  without  permanent 
changes  in  tissues  and  organs.  Some,  however,  lite 
syphilis  and  leprosy,  run  a  life-long  course,  while 
malnrial  diseases  tend  to  recur  at  regular  intervals, 
or  after  years  of  apparently  complete  recovery. 
Rabies  and  some  other  diseases  are  almost  in- 
variably rapidly  fatal,  while  riitheln,  mumps,  and 
varicella  are  attended  with  such  slight  constitutional 
disturbance  that  deaths  are  very  rare.  The  tendency 
to  death  may  be  dependent  upon  constitutional  symp- 
toms such  as  hypei-pyrexia,  on  local  lesions  as  in 
onteric  fever  and  diphtheria,  on  complications  in  the 
course  of  the  disease  (often  really  part  of  the  disease 
itself),  or,  lastly,  on  sequelss  affecting  important  organs. 

The  intensity  of  any  given  disease  is  subject  to 

Vudniii  ind  tiiiill-poir,  iiiKSAled  and  wboopLug  ECURh,  Tneulm  and  wnu-tat- 
fevar,  mvulev  »Tid  mumpAi  whoppuig  cough  aud  aiiiak«D--pok,  a-" 
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wide  variations.  Thus  small-pox  may  be  so  virulent 
as  to  kill  the  patient  before  any  rash  appears,  or  so 
mild  that  only  one  or  two  spots,  sometimes  none,  may 
appear.  Scarlet-fever  sometimes  is  malignant  and 
rapidly  fatal,  in  other  cases  so  slight  as  to  eso^ 
recognition.  As  a  rule,  the  type,  whether  severe  or 
the  reverse,  holds  good  for  the  majority  of  attacks  in 
a  given  outbreak,  or  at  all  events  in  the  same  period 
of  the  outbreak ;  but  it  is  commonly  more  intense  in 
the  earlier  than  in  the  later  part  of  an  epidemia 
As  regards  purely  seasonal  variations,  however,  there 
is  reason  to  believe  that  in  scarlet-fever,  and  probably 
in  other  diseases  also,  increased  prevalence  is  asso- 
ciated with  diminished  average  severity,  as  measured 
by  the  proportion  of  deaths  to  attacks.  Age  and 
sex  have  an  important  influence  upon  severity  of 
attack  as  well  as  upon  susceptibility,  varying  with 
different  diseases  ;  thus  scarlet-fever,  whooping  cough, 
and  many  others  become  less  and  less  dangerous  to 
life  from  infancy  upwards,  while  in  enteric  fever  the 
reverse  is  the  case.  Both  scarlet-fever  and  small- 
pox are  less  liable  to  terminate  fatally  in  females 
than  in  males,  and  the  same  seems  to  be  true  also  of 
influenza. 

Protective  effect.  —  An  important  general 
characteristic  of  specific  diseases  is  their  tendency 
in  the  event  of  recovery  to  protect  the  patient 
ai^ainst  a  subsequent  attack  of  the  same  disease. 
This  statement  must  be  taken  in  a  modified  sense 
as  regards  syphilis,  leprosy,  and  the  malarial  dis- 
eases. The  protection  is  perhaps  most  complete  in 
small-pox,  but  in  this,  as  in  all  others  of  the  class, 
second  and  even  third  attacks  are  occasionally  met 
with.  In  enteric  fever,  diphtheria,  and  influenza  the 
protection  is  nmch  less  marked,  and  in  erysipelas, 
j)hthisis,  and  septicaemia  it  can  scarcely  be  said  to  exist. 
In  all  cases  it  diminishes  \v\t\i  t\\e  Vec^^vi  ol  \}v«ife^\\A 
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duration  being  dependent  upon  tlie  nature  of  the 
disease,  upon  tlie  amount  of  lesion  (in  vaccination  at 
all  events),  and  probably  upon  idioBjncraay.  Klein 
has  shown  'that  protection  against  anthrax,  though 
real,  is  yei-y  brief  in  guinea-pigs,  and  much  more 
lasting  in  cattle.  Fatigue  greatly  increases  the  suk- 
ceptiUlity  of  rats  to  anthrax.  The  presence  of  sugar 
in  the  tissues  (due  either  to  direct  injection  oi  sugar, 
or  administration  of  phloridzin)  lessens  tlie  resistance 
to  glanders  and  to  suppuration,  but  not  to  anthrax 
or  tubercle.  There  are  also  examples  of  the  viru- 
lence  of  a  pathogenic  microbe  being  intensihed  by 
the  presence  of  an  otherwise  harmless  germ :  thus 
attenuated  cultures  of  the  specific  microbes  of  pneu 
mouia  or  erysipelas,  too  feeble  to  give  rise  to  any 
symptoms,  con  be  made  to  cause  an  intense  attack 
if  along  with  thera  is  injected  a  culture  (sterilised 
or  not)  of  a  harmless  saprophyte,  proleitt  rndgaria. 
It  has  been  thought  that  aii  attack  of  enteric  fever 
lessens  or  annuls  the  protective  influence  of  vaccina' 
tion.  Little  is  known  as  to  any  protective  power 
of  one  specific  disease  against  another,  unless  vaccinia 

[  be   i-egarded   as   absolutely  distinct  from  small-pox, 

I' Erysipelas  has  been  found  experimentaUy  to  be  pro- 

>  tective  against  anthrax.    Animals  are  inoculated  with 
"atteimated   virus "   of  anthrax,    fowl   cholera, 

J>and  other  diseases,  the  object  being  to  obtain  protection 
ns  of  a  mild  form  of  the  disease.     Inoculation 

■  for  small-pox,  and  the  Pasteuriim  prophylaxis  against 
»bies,    are    eKam]>les    of   similar   procedure   applied 

i«0  man. 

The  Oei'm  llieory,  broadly  stated,  affirms  that 
ei'tain  specific  diseases  are  invariably  associated  with 
le  growth  and  multiplication  in  the  system  of  corre^ 
xinding  specific  microbes,  and  that  these  microbes  are 
3  actual  contagia  or  causes  ot  ti\\B  4\^8ae.     "^x*. 

Wbvidenee  is  partly  direct,  (tartly  iiidirect. 
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1.  In  regard  to  a  few  diseases  the  proof  is  complete, 
since — (a)  a  certain  microbe  is  invariably  discovered 
in  the  blood  or  tissues  of  animals  suffering  from  the 
disease  in  question ;  (6)  this  microbe  can  be  cultivated 
in  artificial  media,  ifbr  any  required  number  of  succes- 
sive generations ;  (c)  the  same  disease  is  reproduced 
by  inoculation  of  a  susceptible  animal  with  the  last 
cultivation ;  and  (c?)  in  every  such  inoculated  animal  the 
specific  microbe  is  found,  with  the  same  distribution 
as  in  animals  infected  in  the  ordinary  way.* 

The  third  stage  (c)  being  as  a  rule  inadmissible  as 
regards  man,  the  complete  proof  is  practically  limited 
to  diseases  that  attack  some  lower  animal.  Of  those 
affecting  man  (as  well  as  lower  animals),  anthrax 
and  tuberculosis  have  been  fully  proved  to  be  associ- 
ated with  specific  microbes,  and  similar  complete 
evidence  is  forthcoming  in  respect  of  many  diseases 
attacking  lower  animals  only. 

2.  A  characteristic  microbe  is  constantly  found  in 
the  blood  or  tissues  of  persons  suffeiing  from  certain 
other  diseases — e,g,  relapsing  fevers,  enteric  fever, 
diphtheria,  leprosy,  pneumonia,  cholera,  etc.,  although 
the  proof  of  causative  relation  is  incomplete.  In 
several  diseases,  however,  which  from  analogy  are 
nevertheless  believed  to  be  microbial,  no  specific  or 
characteristic  organism  has  been  isolated  with  cer- 
tainty. Measles  and  whooping  cough  may  serve  as 
examples. 

3.  There  is  a  close  analogy  between  the  natural' 
history    of   infection    and    that    of    organised    living 
ferments  such  as  yeast,  in  respect  of  the  almost  infinite 
multiplication     of    an    almost     infinitesimal     charge 
planted  in  a  suitable  soil  under  suitable  conditions, 

♦  To  these  four  postulates,  formulated  by  Koch,  Martin  has  added  a 
fifth,  nnwely,  that  the  secondary  infective  agent  (toxin)  separable  from 
tlw  tissues  in   the  natural  disease  s\ao\\\c\  \\ave  •suuUav    chemical  and 
physioloiiiciil  action  to  the  products  obtameOi  ^vom  ai  \.vv^c  Q,v\\\:\Nv\.\;\«tv  «il 
the  microbe. 
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and  also  in  respect  of  the  eSect  of  reagents  in  checking 
or  pennanently  arreating  their  increase. 

The  germ  theory  ia  now  generaUy  accepted,  even  in 
respect  of  thotie  apecitic  diseases,  such  as  rabies, 
in  which  no  characteristic  microbe  has  yet  been  isolated. 
The  chief  alternative  view  which  has  been  advocated 
is  that  infection  is  dne  to  an  unorganised,  chemical 
forinent,  comparable  to  dioBtase,  the  microbes  being 
regarded  as  (at  moat)  eflectfi  or  collateral  phenomena, 
without  causative  influence  as  regards  disease. 

What  the  precise  relation  between  the  germa  and 
the  production  of  the  varied  phenomena  of  diaeaae 
may  be  is  less  clear.  Under  certain  conditions  the 
enormous  multiplication  of  the  microbea  may  lead  to 
obstruction  of  vessels — a  "mechanical  mycosis "^but 
tlie  ordinary  course  of  symptoms  cannot  be  accounted 
for  by  any  physical  properties  of  such  minute  particles, 
They  act  mainly  by  modifying  the  physiological  pro- 
cesaea  of  the  tissues — e.g.  by  depriving  the  red 
corpuscles  of  oxygen,  or  by  forming  some  cliemical  pro- 
duct (or  toxinl,  as  a  result  of  their  gi-owth  and  multipli- 
cation, which  in  its  tuni  diflusea  and  acta  as  a  poison. 

Five  principal  hypotheses,  in  some  degi-ee  over- 
lapping each  other,  have  been  advanced  to  account 
for  the  protection  conferred  by  an  attack  of  anch  a 
disease  ;— 

1.  The  exiiaiiaCioH  or  pabulum  theory  ia  that  the 
microbes  during  the  first  attack  remove  some 
chemical  aubatance  necessary  for  their  growtli,  the 
loss  of  this  substance  I'endcring  further  attack  impos- 
sible. This  view  involves  the  improbable  assumption 
that  the  human  body  contains  a  special  and  separate 
pabulum  suited  to  each  specific  disease  to  which  it  is 
liable,  aince  one  disease  ia  only  piotective  againat  itself. 

2.  The  antidote  or  rHention  theory  assumes  that  the 
first  attack  leaves  in  the  system  Bttme  4\ie**.  at  is^iN^ 

K^t  product   of  the    growth  of  >Jtift  mw^Oiies.  -w^i'i*' 
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inhibits  any  further  multiplication.  There  is  expeii- 
mental  evidence  in  support  of  this  view,  as  will  be 
seen  presently,  and  sterilised  or  filtered  cultivations 
of  certain  pathogenic  microbes  have  been  found  (if 
injected  into  the  system)  to  have  a  protective  action, 
which,  curiously  enough,  does  not  necessarily  include 
any  power  of  checking  the  growth  of  the  specific 
microbes  outside  the  living  body,  in  artificial 
media.  The  effect  therefore  is  not  due  to  direct  action 
on  the  microbes,  but  to  increase  of  resistance. 

3.  According  to  the  acclimatisation  theory,  the  cells 
and  tissues  are  in  some  way  modified  during  an  attack 
so  as  to  be  able  to  resist  future  invasions  of  the  same 
microbe.  The  tissues,  in  short,  have  acquired  a  toler- 
ance of  the  poison  of  a  certain  disease,  and  subse- 
quently that  infection  does  not  produce  the  former 
symptoms  of  disease. 

4.  The  p?ia(/ocyte  theory,  somewhat  allied  to  the 
theory  of  acclimatisation,  is  based  on  Metchnikoflfs 
observation  that  when  virulent  anthrax  bacilli  are 
inoculated  into  an  insusceptible  animal  (such  as  a 
frog),  the  white  (amoeboid)  blood  corpuscles  absorb 
the  bacilli  bodily,  and  presumably  destroy  them.  The 
same  happens  when  attenuated  virus  is  inoculated, 
even  into  susceptible  animals ;  the  bacilli  may  be 
seen  partially  or  wholly  embedded  in  the  amoeboid 
corpuscles.  When  a  susceptible  animal  is  inoculated 
with  virulent  anthrax,  however,  few  if  any  bacilli  can 
be  seen  inside  the  corpuscles.  The  inference  to  be 
drawn  from  Metchnikoff's  observations  is  that  the 
amoeboid  corpuscles  act  as  "  phagocytes,"  or  destroyers 
of  pathogenic  microbes ;  and  that  "  protection "  is 
largely,  if  not  entirely,  dependent  upon  this  action. 
The  same  hypotheses  may  serve  to  account  for  the 
termination  of  an  attack.     It  may  be  assumed  that  all 

the  pathogenic  microbes  perish  or  are  eliminated  at 
the  end  of  an  attack  of  most  oi  t\\^Vui^c\j\o>\^^\^<&^%^'9»^ 
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but  puss  into  a  qnieacent  stage  in  the  intervals  of 
malarial  and  relapsing  fever.  In  tuberculosis,  leprosy, 
and  ayphilia,  their  development  may  be  progresEive, 
_j,  5.  Shrlich's  side  chain  theoi-y.- — Ehrlioh  looks 
K^pon  a  molecule  of  normal  protoplasm  as  composed 
"irf  a  centra!  atom  cell  with  a  large  number  of  "  side- 
chains  "  of  atom  groups.  The  central  cell  is  the  mother 
cell,  the  side  chains  are  nxeptora^  that  is,  celts  having 
combining  affinity  with  food-stuffs  by  which  nutriment 
is  brought  to  the  mother  cell.  These  receptors  are 
of  two  kinds,  those  having  power  of  combining  with 
molecules  of  simple  constitution,  and  those  having 
power  of  breaking  up  compound  bodies  by  ferment 
Bctinn  for  the  purposes  of  aBsimilation.  Toxins  are 
provisionally  regarded  as  possessing  two  kinds  of 
elements,  haptopliorotis  (i.e.  the  atomic  group  respon- 
sible for  union  with  side  chains  of  cells)  and 
toscophoroiig  (i.e.  the  toxic  atomic  grouji).  When 
introduced  or  occurring  in.  the  system  toxins  are 
fixed  to  the  receptors  by  the  former,  while  the 
latter  remain  free,  and  if  in  sufficient  number  or 
quantity  produce  the  toxic  changes.  If  the  dose 
of  toxin  is  small  the  mother  cell  throws  off  the 
receptor  plus  the  toxin  (R  +  T),  which  tlius  becomes 
free  in  the  blood.  The  central  atom  group  then 
produces  new  receptors  which  in  their  turn  are  set 
free.  Ultimately  the  toxin  being  exhausted  there  is 
over- regeneration  of  receptors  and  the  excess  of  un- 
fixed receptors  become  free  in  the  blood,  constituting 
antitoxin  molecules.  Thus,  when  forming  part  of  the 
mother  cell  the  receptors  anchor  the  toxin,  which 
seta  up  toxic  effects,  but  when  the  receptors  are  free 
in  the  blood  (R  +  T)  we  have  an  inert  compound 
without  toxic  effect.  This  ingenious  theory  assumes 
that  antitoxins  are  normally  present  in  the  hodv  vc 
varying  degrees,  but  when  stimulated  \)^  TiAT(j&>iK\l-vatt. 
irf  tosJa  beoome  increaaed. 
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Bacteria  and  Disease. — ^The  terms  microbe, 
micro-organism,  bacterium,  germ,  are  applied  abnost 
indifferently  to  an  increasing  number  of  microscopic 
organisms  which  are  destitute  of  chlorophyll  and 
consist  of  protoplasm  enclosed  in  a  cellulose  mem- 
brane. They  multiply  by  fission,  and  are  there- 
fore termed  Schizomycetes^  or  fission  fungi.  They 
may  be  classified,  according  to  their  form,  their 
mode  of  reproduction,  their  effect  on  certain  artificial 
media,  their  powers  of  motility,  etc.  The  common 
basis  of  primary  classification  is,  however,  their 
morphology  as — 

Micrococci. — ^Minute  spherical  microbes,  without  cilia.  They 
multiply  by  elongating  and  then  dividing  transversely,  form- 
ing dtplococci  {i.e.  pairs),  streptococci  (chains),  staphylococci 
(clusters),  sarcincc  (square  groups  of  four  cocci,  or  multiples  of 
these),  or  zoogloea  (irregular  masses  embedded  in  a  gelatinous 
matrix). 

Bacilli. — Rod-shaped,  with  rounded  or  square-cut  ends; 
longer  than  they  are  broad.  Some  have  flagella,  others  have 
not  and  are  immotile.  .  They  elongate,  and  may  form  rods  of 
any  length,  or  divide  transversely  into  separate  short  rods  or 
chains  of  rods  or  zoogloea.  Some  bacilli  form  spores  under 
certain  conditions,  among  which  may  be  mentioned  moisture, 
suitable  temperature,  and  presence  of  oxygen.  The  spores  are 
round  or  oval  glistening  bodies,  which  appear  in  the  substance 
of  the  bacillus,  and  grow  at  the  expense  of  the  protoplasm 
until  the  sheath  bursts  and  liberates  them.  They  are  extremely 
resistant  to  heat  and  cold,  but  in  certain  artificial  media  spores 
readily  germinate,  a  projection  appearing  at  one  point  and 
growing  into  a  bacillus. 

Spirilla  and  Vibriones. — Long,  wavy,  and  motile  (ciliated) 
filaments.  Some  of  these  are  non-septate,  others  are  sub- 
divided and  may  break  into  bacillary  elements,  as,  for  example, 
Koch's  spirillum  of  cholera,  which  is  known  in  a  bacillary  form 
as  the  comma  bacillus  of  cholera. 

The    higher     bacteria     include    more    highly    organised 

members  of  the  Schizomycetes  which  branch  and  reproduce 

themselves    by  terminal   fructification  in  conidia.      To   this 

group  belong  leptothrix,  cladothrix,  and   streptothrix.     The 

Jast  named  seems  likely  to  become  l\ie  tuosX.  VcK^Qt^accA.  Taamber 

of  the  group  from  a  pathogemc  ^OYa\.  oi  ^Va^v .     "^^^a  ^^a.^ 
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biology  of  tlioae  hisher  bacteria  has  ngl;  bi>en  finally  worked 
out,  Knd  it  ia  poBSible  tlia.t  further  reBearch.  may  stow  that 
aometimea  they  are  hut  forms  in  a  life-history  of  an  orgBuism 
'    "imo  Btago  in  baciUary  form. 


Micrococci  are  of  constant  occurrence,  and  patho- 
genic in  septic  processes,  acute  Buppuratioo,  acute 
infective  osteo-myelitis,  and  erysipelas.  Tliere  ia 
strong  but  not  absolutely  complete  evidence  to  the 
same  effect  in  respect  of  pneumonia,  gonorrheea, 
ulcerative  endocarditis,  scarlet  fever,  and  puerperal 
fever ;  micrococci  are  generally  present  in  active  lymph 
of  vaccine  and  smaU-pox,  and  the  virulence  is  largely 
or  wholly  lost  when  they  are  removed  by  filtration; 
but  beyond  this  the  proof  of  their  being  the  actual 
mai&r'Ui  morbi  is  incomplete.  Ammoniacal  fermenta- 
tion of  urine  is  determined  by  M.  urefe,  which  converts 
urea,  into  ammonium  carbonate.  Certain  diseases  of 
animals,  are  believed  to  be  due  to  speciiic  micrococci. 
Micrococci  are  also  concerned  in  decomposition, 

Bacilli  are   known  to  be  pathogenic  in  anthrax, 

tuberculosis,  tetanus,  glanders,  and  leprosy  and  are 

believed    to     be     so    in    enteric    fever,    diphtheria, 

aepticsamia,  influenza,  syphilis,  and  various  forms  of 

food   intoxication.      Many    diseases    affecting   lower 

animals  are  due  to  specific  bacilli,  and  among  them 

malignant   cedema,    swine    fever,    and    liauackbrand 

("symptomatic    anthi-ax"    or     "black   leg").       The 

fermentation  of  cheese  and  butter,  and  the  souring  of 

,  milk  and  cream  are  likewise  due  to  certain  bacilli. 

^i^ach  fermentation  and  most  forms  of  decomposition 

HbQBsess  a  specific  ferment  of  this  nature. 

Pf     Spiriilutn  Obermeyeri  is  found  in  the  blood  during 

'■the    acute    stages   of  relapsing  fever;  the  spirillum 

of  cfiolera,  or  Vibrio  dtoterce  asiaticte,  is  now  generally 

regarded  as  the  cause  of  cholera ;  and  other  forms  af. 

spirillum  occur  ia  certain  tro'picei  iiaeaae.'a. 

I        It  aboald  be  mentioned  tVat  otXieT  -KAHtQ-cix^ 
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Other  clasaifi  cations  may  depend  upon  the 
eharac  tens  tic  growth  of  bekcteria  in  artificial  media 
in  pure  culture,  and  their  effect  upon  such  media, 
and  whether  they  grow  under  aerobic  or  anaerobic 
I  conditions. 

The  action  of  niicrobea  is  essentially  one  of  oxidation. 
As  a,  rule  carbonic  acid  gas  is  given  oS,  but  many 
known  und  unknown  bodies  are  formed  coincidently, 
■wliich  vary  greatly  with  the  pabulum  as  well  as  with 
■the  microbe.  Among  these  are  the  poisonous  alkaloids 
(toxins),  which,  so  far  as  certain  pathogenic  microbes 
Are  concerned,  are  usually  to  be  regarded  as  the 
■immediate  agents  iu  the  production  of  disease- 
■•ymptoma.  They  are  soluble,  and  even  when  freed 
ifrom  their  respective  microbes  have  in.  certain  cases 
lieen  found  to  be  capable  of  producing  a  slight  and  tran- 
,sient  appearance  of  characteristic  symptoms.  They 
>Diay  also  be  protective  i^ainst  disease,  and  it  has  been 
'shown,  for  example,  that  the  injection  of  tiltered  fluid 
jifi  which  anthrax  bacilli  have  been  cultivated  protects 
il^^inst  subsequent  or  even  coincident  inoculation  with 
wirulent  anthrax.  Hankin  isolated  from  cultures  of 
ithe  anthrax  bacillus  an  albuniose,  the  injection  of  which 
i^to  mice  renders  them  insusceptible  to  anthrax. 
Brieger  and  Fitokel  have  isolated  pathogenic  albu- 
moses  from  cultures  of  the  specific  microbes  of  diph- 
theria, enteric  fever,  cholera,  and  tetanus,  Roux  and 
Yersin  believe  the  soluble  poison  to  be  a  ferment,  and 
Martin  has  shown  that  in  anthrax  and  diphtheria  the 
microbe  produces  such  a  fei-ment  or  eii^yine,  which 
I'eacta  on  the  tissues  to  form  albumosea,  and  that  these 
break  up  into  simpler  bodies,  which  possess  the 
specific  toxic  virulence  and  protective  power. 

Cultivation.— Microbes  derive  oiygen  either  from  U»p   " 
air  or  from  aompouuds  coatiiining  oxygeu.;  \n  Uma  ^onn^x  >ial    1 
they   are    termed    aernbK,   in  the    lattel    aivntTobw .     "^e 
(Saxi'jrsi/iysft  eeiwifiie)  in  anaerobic,  nni  nciv-ttceft  is.'S«.«' 
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the  expense  of  the  sugar,  which  is  reduced  to  alcohol ;  the 
'*  vinegar  plant,''  Mycodenna  aceti,  is  aerohic,  and  oxidises 
alcohol  into  acetic  acid.  Aerobic  microbes  grow  best  at  the 
surface  of  a  liquid,  anaerobic  organisms  deeper  down  away 
from  contact  with  air  or  aerated  layers  of  fluid.  The  dis- 
tinction  is  not  absolute,  and  many  microbes  are  able  to  exist 
under  either  condition  (facultative  anaerobes). 

Besides  oxygen,  microbes  require  nitrogen,  which  some  are 
able  to  take  from  salts,  such  as  ammonium  tartrate,  while  others 
can  only  assimilate  it  from  albumen  or  gelatin.  Carbon  is 
necessary,  and  also  inorganic  salts,  including  sodium,  potas- 
sium, and  phosphoric  acid.  Cultivation  media  should  be 
neutral  or  faintly  alkaline. 

Both  liquid  and  solid  media  are  used.  Among  fluid  media 
are  broths  made  from  various  kinds  of  meat,  peptones,  meat 
extracts,  hydrocele  fluid,  Pasteur's  solution  (water  containing 
cane  sugar,  ammonium  tartrate,  and  yeast-ash),  and  Cohn*s 
solution  (water  with  ammonium  tartrate,  potassium  phosphate, 
tricalcic  phosphate,  and  magnesium  sulphate).  Some  of  the 
more  common  solid  media  are  boiled  potato,  solid  egg-albumen, 
solid  hydrocele  fluid,  blood  serum,  agar-agar,  nutrient  gelatin 
(gelatin  with  admixture  of  meat  extract),  etc.  The  medium 
must  be  adapted  to  the  organism. 

After  thorough  sterilisation  by  heat,  media  are  kept  in 
sterilised  test-tubes,  guarded,  by  means  of  sterilised  plugs  of 
cotton  wool,  against  infection  by  air-borne  germs.  Each  tube 
may  then  be  "  inoculated  "  by  means  of  a  previously  sterilised 
platinum  wire  charged  with  the  microbes  to  be  cultivated  ;  the 
wool  plug  is  removed  momentarily  for  this  purpose,  and  then 
replaced.  Potato  cultures  are  made  by  inoculating  the  freshly 
cut  surface  of  a  boiled  potato  cut  in  strips  and  placed  in 
sterilised  test  tubes.  For  plate-cultivation,  a  small  portion  of 
the  liquid  under  examination  is  diffused  through  melted 
nutrient  gelatin  or  other  suitable  medium,  and  then  poured 
into  a  Petri  plate  (which  is  a  flat,  shallow  glass  dish),  and 
allowed  to  solidify  by  cooling ;  protection  from  aerial  germs  is 
afforded  by  a  glass  cover.  The  temperature  must  be  kept 
constantly  at  the  point  which  experience  has  shown  to  be 
most  favourable  for  the  microbe  in  question.  For  this  purpose 
an  •*  incubator  "  is  used,  in  which  the  temperature  is  regulated 
automatically.  (Room  temperature,  or  cool  incubators,  are 
regulated  at  18  to  22"  C,  and  blood  heat  incubators  at  37  to  38°  C. 
The  temperature  is  regulated  by  thermo-regulators.) 

Liquid  media  which  soUdiiy  offer  great  advantages.     If 
more  than  one  variety  of  microbe  \a  i^x^^eii^.,  ^^  x^'sviJk^YCL^ 
colonies  tend  to  remain  distinct,  and  \\.  \a  tom^«:c\N.\.\N^^  ^-ftA-^ 
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'lo  eeUblisli  a  pare  cultivation   id  eauh  by  inoculating  afresh 

.from  it.  Plate-eulti  rations  are  especially  useful  in  this  way, 
since  by  leguliLtiug  tbo  pruportiona  the  distribution  of  the 
ooloniea  may  be  made  as  sparse  as  ia  necessary.  Accidental 
dmtaminatioii  by  aerial  organisms  is  readily  preveoted. 
Another  important  advantage  ia  that  pora  cnltivatioiu  upon 

.  •olid  media  frequently  exhibit  naked-eye  pecnliaritiefl  of  out- 
line and  characters  of  growth  that  are  important  as  means  of 
identiSration.     Another      method      of     obtaining     a     pure 

'cnltivation  ia  adopted  by  cultivating  under  conditions  inhibi- 
tory to  some  microbeB,  bnt  not  to  certain  others  :  this  is  efiected 

^y  adding  phenol  [Parielti),  tsuro-cbolate  of  sodn  (McCotiksy), 
crystal  violet  [Drigahki  and  Conradi),  etc.,  or  by  maintaining 
the!  " 


Among  the  points  tliat  serve  for  the  difl'erentia- 
tion  of  the  large  number  of  varieties  of  bacteria  are 
the  following  : — Microscopic  appeavances,  as  to  form, 
■aize,  atructui'e,  movement ;  effect  of  cei'tain  staining 
lATkd  decolorising  agents;  media  in  which  growth 
oooui-s,  and  temperature  required ;  rate  of  growth ; 
macroacopic  (and  if  necessary  microscopic)  appearance 
<rf  caltivation  in  solid  media,  including  form,  colour, 
distribution  (superficial  or  deep),  liquefaction  of  gela- 
tin, production  of  gas,  etc,  ;  results  of  inoculation 
upon  animals. 

AUenuation  of  virus  has  been  etiecteil  in 
Beveral  ways. 

1.  Suhcultiiring  frovi  old  eultureg. — Pasteur  found 
t  an  organism  retains  its  virulence  unimpaired  if 

.%»pt  in  sealed  tubes  for  a  short  time  only,  or  ia 
.eultivated  with  a  minimum  intei-val  between  the 
taiccesaive  cultures.  If,  however,  the  cultivation  is 
i^owed  to  remain  for  weeks  or  months  without  sub- 
^Ituring,  the  virus  is  attenuated,  and  when  inocu- 
lated causes  a  mild  but  protective  form  of  the  disease. 

2.  Cultivation  at  high  temper alii/res. — Pastern'  pre- 
Jpftred  a  "vaccine"  (i.e.  an  attenuated  wttB.^  tA 
iknthraz  bj  cultivating  tJie  tacilVi  W  'Ooiefe  -se^ 
b  air  at  42°  to  43°  0.      TheTe  \a  tvo  ■'AsHve  "Srw 
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the  mode  of  growth  during  this  period  except  that 
spores  are  rarely  if  ever  formed,  but  spore  formation 
is  immediately  resumed  if  the  l3acilli  are  transferred 
to  a  fresh  culture  at  ordinary  temperatures.  The  virus 
becomes  more  and  more  attenuated  if  the  temperature 
is  maintained,  and  in  about  a  month  the  bacilli  all 
perish.  The  attenuation  is  brought  about  more  rapidly 
at  higher  temperatures ;  a  few  days  suffice  at  45^  0.,  a 
few  hours  at  47 '^  C,  a  few  minutes  at  50*^  to  53**  0. 
The  original  virulence  is  regained  speedily  upon 
transferring  the  attenuated  bacilli  to  fresh  media 
at  ordinary  temperatures,  if  the  attenuation  has  been 
rapid.  If,  however,  it  has  been  slow,  it  is  difficult  to 
restore  the  virulence. 

3.  Cultivation  in  presence  of  inhibitory  reag&nts. — 
Klein  cultivated  anthrax  bacilli  in  gelatin  containing 
0*0025  per  cent,  of  mercuric  chloride,  and  obtained  an 
attenuated  virus  which  for  a  time  protected  guinear 
pigs.  Cultivations  from  the  attenuated  virus  were 
virulent.  Other  reagents,  including  potassium  bichro- 
mate, phenol,  and  terchloride  of  iodine,  Lave  been 
employed  in  like  manner ;  or  the  organism  may  be 
grown  on  a  medium  which  is  either  slightly  too 
acid  or  too  alkaline. 

4.  Transmission  through  insusceptible  animala. — 
Anthrax  bacilli  from  sheep  or  cattle  cause  fatal 
anthrax  if  again  inoculated  upon  susceptible  sheep  or 
cattle,  or  upon  white  mice;  but  bacilli  taken  from 
white  mice  produce  only  a  transient  illness  in  sheep, 
which,  however,  is  protective.  Assuming  Jenner's 
view  to  be  correct,  vaccinia  is  an  example  of  attenua- 
tion of  virus,  that  of  small-pox  being  so  modified  by 
transmission  through  the  (insusceptible)  cow  as  to 
produce  a  mild  but  protective  form  of  the  disease. 

It  must  not  be  forgotten  that  the  opposite  of  at- 

tenuation  may  also  be  obtained.     Exaltation  of  virus 

reaulta  from  eaxly  Bu\>c\i\t\xte  oi[i  iA.^Q>xc«i^^  \&s^j9fiiL 
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the  passage  of   the   virus   through    susceptible 
iciimals. 

These  changes  brought  about  in  the  laboratory  by 
rtificial  means  tind  a  close  parallel  iu  the  varying 
virulence  of  epidemic  diseases.  Sometimes  the  ^pe, 
Ifhether  of  small-poK,  scarlet  fever,  diphtheria,  or 
paeasles,  will  be  malignant  and  fatal,  and  at  other 
!  same  disease  will  he  so  mild  as  to  cause 
3arcely  any  deaths. 

Toxins  and  their  elTecl. — When  a  pathogenic 
Q  grows  in  the  body,  it  produces  as  a  result  of 
I  metabolism  certain  poisonous  substances  termed 
These  may  occur  as  a  direct  result  of  the  life 
if  the  bacillus,  or  as  a  result  of  a  ferment  produced  \>y 
'  e  bacillus.  Toxins  are  of  various  kinds,  and  by  their 
:t  upon  the  blood  and  body  tissues  they  cause  the 
if  mptoma  of  diseasa  Fever  is  produced  by  the  action 
ff  albumosea  (bodies  allied  to  the  albumins)  upon  the 
Bat-regulating  centres  in  the  brain.  Alhumoses  also 
I  niunber  of  other  aymptoma  and  poisonous 
jffectB.  Toxins  act,  broadly  speaking,  in  two  ways. 
7hey  have  a  local  effect  (as  in  the  formation  of  an 
abscess  owing  to  necrosis  of  proliferating  cells),  and  a 
general  effect.  The  latter  is  caused  when  toxins  are 
absorbed  and  distributed  generally  throughout  the 
body.  When  this  ocoura  they  produce  degenei'ative 
changes  in  muscles,  in  organs,  and  in  the  blood  itself. 
Of  such  a  change  diphtheria  is  an  example.  The 
,  bacillus  occurs  in  a  false  membrane  in  the  throat,  and 
iisionaUy  other  parts.  It  iirst  causes  the  inilam- 
utory  condition  giving  rise  to  the  membrane,  and 
Ihen  it  breaks  it  down.  In  the  body  of  the  membrane 
the  bacillus  appears  to  secrete  a  ferment  which  by  its 
action  and  interaction  with  the  body  cells  and  proteids, 
chieQy  those  of  the  spleen,  produces  albumoKg  and  «q. 
organie  acid  {Martin),  wliich  are  tke  loxvcia,  Ta.wj  im* 
^  mbaorbed,  and  as  a  result  we  get  tVft  ^-ceotwexA  ■^■vi\»»> 
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and  high  temperature  of  fever  :  the  toxins  irritate  the 
mucous  membrane  of  the  intestine,  and  cause  various 
fermentative  changes  in  the  contents  of  the  intestines, 
and  thus  we  get  symptoms  of  diarrhoea  :  they  pene- 
trate the  liver,  spleen,  and  kidney,  setting  up  fatty 
degeneration  and  its  results  in  these  organs  :  they 
finally  affect  many  of  the  motor  and  sensory  nerves, 
breaking  up  their  axis-cylinders,  and  producing  the 
characteristic  paralysis. 

Toxins  have  been  divided  by  Martin  into  extra- 
cellular (ferments,  albumoses  and  alkaloids)  and 
inbrorcellulwr^  or  poisons  present  in  the  body  of  the 
bacillus  and  not "  available  "  if  the  bodies  of  the  bacilli 
be  filtered  out. 

The  virus  of  anthrax  produces  albumoses  and  an 
alkaloidal  substance  {Martin),  the  former  producing 
fever,  the  latter  oedema,  congestion,  and  local  irritation. 
Hankin  holds  that  the  bacillus  first  produces  a  ferment 
and  then  elaborates  albumoses.  In  tetanus  the  bacillus 
produces  a  secretion  of  non-proteid  toxin  which  causes 
convulsions.  The  albumoses  present  in  this  disease 
are  probaby  due  to  the  secretory  toxin.  Ehrlich  has 
isolated  a  spasm-producing  toxin  (tetanospasmln),  and 
a  crude  poison  capable  of  destroying  red  blood  cells 
(tetanolysin).  The  nature  of  the  tetanus  toxin  is  not 
determined,  but  it  is  known  that  it  is  a  most  powerful 
poison,  probably  less  than  -^^  of  a  grain  being 
poisonous  to  man.  In  diphtheria^  too,  we  have  a 
secretory  poison  in  the  membrane  and  in  the  tissues, 
and  an  albumose  which  is  possibly  the  result  of  the 
secretion.  In  typhoid  fever  intra-cellular  bacillary 
poisons  exist,  and  a  toxalbumin  has  been  obtained 
which  has  pathogenic  effects  of  an  indefinite  character. 
The  toxins  of  the  typhoid  bacillus  appear  to  have  little 
digestive  effect. 

The  action  of  bacteria  aa  disease  ^>jod\i<iera  depends 
then  (1)  upon  the  effects  o£  tVie  pT^a€>T\ci^oix)tv^\i^^\K?cv^ 
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Biemaelves,  (2)  upon  their  power  of  forniing,  directly 
'r  indirectly,  certain  chemical  orgauic  products  known 
s  (o.rins,  and  (3)  upon  the  individual  attacked.  The 
^ects  of  bacteria,  though  very  diverse,  may  be  classi- 
led  generally  as  of  a  ?ificro(ic  or  a  separative  character, 

Pleading  to  increased  functional  activity  at  first  (such 
"  a  phagocytosis),  and  subsequently  to  increased  forraa- 
e  activity  (such  aa  ccU  growth  and  subdivision). 
1  most  diseaees  the  lesion  has  a  special  site  (as  in 
^'phoid  fever)  and  the  body  generally  is  only  aflected 

'  indirectly.  This  localisation  may  be  due  to  specific 
action,  or  to  point  of  entrance  of  the  bacillus  (as  in 
malignant  pustule).  Secondarily  to  tissue  cbaoges, 
the  body  metabolism  is  affected  owing  to  the  abaorp- 

ttion  and  distribution  of  toxins,  and  it  is  to  this  cause, 
%ls  a  rule,  that  the  chief  symptoms  of  disease  are  due. 
dE'inally  much  depends  u|K>n  the  soil  upon  which  the 
%acteria  and  their  toxins  are  implanted.  The  indi- 
vidual is  aa  extremely  important  factor  in  the  pro- 
duction and  character  of  disease. 

Antitoxins  are  believed  by  some  authorities  to 
be  a  kind  of  ultra-toxin,  substances  at  which  an  early 
form  was  a  toxin  ;  others  hold  that,  as  the  toxins  are 
products  of  the  bacteria  invading  the  tissues,  the  anti- 
toxins are  of  the  nature  of  ferments  produced  by  the 
resisting  tissues.  A  third  view  is  that  possibly  anti- 
toxins may  be  the  result  of  an  increased  formation  of 
molecules  normally  present  in  the  tissues.  Thus 
antitoxins  came  to  be  looked  upon  as  protective  sub- 
ytances  produced  in  the  body  cells  as  a  result  of  toxic 
action,  and  held  in  solution  in  the  blood,  and  there 
and  elsewhere  exerting  their  neutralising  influence  by 
combining  with  the  toxins.  These  antitoxic  bodies 
gradually  increase  in  the  blood  and  tissues,  and  their 
actions  fall  into  two  groups,  («)  antitoxic,  whicb 
counteract  the  effects  of  the  ^)0\aavi.  ^^sj^'i",  «kA  '^ 
V^aiimierodic,    which    counfceYact    ftie   eS'i'As.   ^"t   '^^'^ 
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bacillus  itself.  ^'  In  one  and  the  same  animal  the 
blood  may  contain  a  substance  or  substances  which 
are  both  antitoxic  and  antimicrobic,  such,  for 
example,  as  occurs  in  the  process  of  the  formation 
of  the  diphtheria  and  tetanus  antitoxic  serums" 
(Martin).  Antitoxin  must,  therefore,  be  looked  upon 
as  a  normal  constituent  of  the  living  cells  which  is 
produced  in  increased  quantity.  Of  the  chemical 
nature  of  toxins  and  antitoxins,  very  little  is  known. 
Toxins  are  probably  of  the  nature  of  albumoses,  and 
antitoxins  probably  have  a  molecule  of  greater  size, 
and  may  be  allied  to  the  globulins.  Antitoxin  has 
been  shown  to  appear  in  the  various  secretions  of  the 
body  as  well  as  in  the  blood,  though  in  a  less  con- 
centrated state.  The  relation  of  the  antitoxin  to  the 
toxin,  and  its  mode  of  antagonism,  is  probably 
analogous  to  chemical  union. 

Immunity  depends  upon  some  property  in  the 
living  blood  serum  which  opposes  or  annuls,  partly 
or  wholly,  the  products  and  action  of  the  infecting 
organism.  Buchner  designated  these  protective 
bodies,  held  in  solution  in  the  blood,  alexines,  and 
regarded  them  as  belonging  to  the  albuminous  bodies 
of  the  lymph  and  plasma.  Alexines  are  naturally 
produced  antitoxins  ;  ordinary  antitoxins  are  acquired 
alexines,  corresponding  to  "natural"  and  "acquired" 
immunity.  The  term  natural  immunity  is  used  to 
denote  natural  resistance  to  some  particular  specific 
disease.  It  may  be  due  to  species  of  animal,  or  age, 
or  individual  idiosyncrasies.  Examples  of  this  freedom 
from  disease  are  not  infrequently  met  with.  Certain 
species  of  animals  do  not,  as  a  rule,  take  certain 
diseases.  For  example,  cholera  and  typhus  fever 
which  affect  man  do  not  affect  the  lower  animals. 
Swine  plague  does  not  affect  man.     The  white  rat  is 

J  mm  line   to  anthrax,  which  readily   attacks    cattle. 

^c^uired  immunity  is   a  protecWon  xio^  \i^wv^\i^ 
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to  the  tiaaifea  of  individuals  naturally  and  as  part 
of  their  constitution,  but  acquired  during  life  in 
one,  or  both,  of  two  ways.  Either  it  may  be  an 
involuntarily  acquired  immunity,  or  a  voluntarily 
acquired  immunity — a  natiiral  attack  of  disease, 
or  an  artificial  attack  such  as  that  due  to  inoculation. 
Sii]al]-[x>x,  and  a  number  of  other  diseases,  rai-ely 
attack  the  same  individual  twice,  because  each  of  these 
diseases  leaves  behind  it,  so  to  speak,  its  antitoxic 
influence.  Hence  the  individual  has  involuntarily 
acquired  immunity  against  these  diseases.  An 
exain]tle  of  voluntary  acquired  immunity  may  be 
found  in  the  old  method  of  preventive  inoculation 
for  small-pox,  or  variolation.  This  was  an  inocula- 
tion setting  up  an  artificial  and  mild  attack  of  small- 
pox, by  which  the  antitoxins  of  that  disease  were 
produced,  protecting  the  individual  against  furtlicr 
infection  of  small-pox ;  that  in  to  s&y,  it  was  a 
Toiuntary  acquired  immunity.  This  form  of  artificial 
production  of  protection  is  arlijlciai  immunity.  When 
artificial  immunity  is  produced  by  direct  inoculation 
of  attenuated  bacteria  in  toxins  (as  in  vaccination  or 
Pasteur's  treatment  of  rabies)  the  condition  ia  known 
as  active  hnmunity  ;  where  antitoxins  are  inoculated 
(as  in  the  antitoxin  treatment  of  diphtheria)  the  con- 
dition is  that  of  pnSBive  immunity. 
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CHAPTER  XIII. 

DISINFECTION. 

Disinfection  is  the  destruction  of  the  specific 
virus  upon  which  infection  depends,  and  disinfectant 
is  equivalent  to  bactericide.  It  is,  however,  often 
loosely  applied  also  to  antiseptics^  that  is,  to  sub- 
stances that  arrest  or  impede  the  growth  of  microbes 
without  destroying  their  vitality,  and  even  to 
deodorants  or  reagents  that  destroy  or  mask  the 
effluvia  which  are  the  frequent  by-products  of 
bacterial  growth. 

It  is  probable  that  protracted  exposure  to  air  and 
light  will  ultimately  destroy  most,  if  not  all,  pathogenic 
microbes,  although  under  favourable  conditions  the 
virus  of  tuberculosis  and  other  transmissible  diseases 
has  been  known  to  retain  its  vitality  for  many  years. 
It  would  seem  also  that  mere  diffusion  in  the  atmo- 
sphere may  render  a  virus  inert.  Typhus  attacks  a 
very  large  proportion  of  those  who  come  into  close 
contact  with  typhus  patients,  but  rarely  spreads  under 
other  conditions,  even  if  the  isolation  is  imperfect 
Small-pox,  on  the  other  hand,  is  believed  to  be  carried 
by  air  currents  for  long  distances  under  favourable 
meteorological  conditions.  Spores  of  pathogenic 
bacilli  would  doubtless  be  among  the  most  resistant, 
but  mechanical  portability  (influenced  by  the  form  of 
the  microbe  and  the  size  and  weight  of  the  epithelial 
scales  or  other  particles  to  which  it  may  be  attached), 
the  dryness  (or  the  reverse)  of  the  air,  and  the 
chemicBX  effect  of  the  atmospheric  oxygen,  are 
possible  factors,  and  it  is  at  all  events  conceivable 
that  a   certain    minimuin  "  do?*^^^^    o^    \)cv^    Vww^  \^ 
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necessary  for  infection,  so  that  mere  dilution  beyond 
a  given  point  would  render  the  virua  hftrmlesa,  even 
without  destroying  its  vitality.  According  to  Kocb, 
'mere  drying  (desiccation)  kills  the  cholera  bacillus. 

The  complete  disappearance,  often  for  long  periods, 
of  nieaales  and  other  infections  diseases  from  a  district 
after  a  widespread  epidemic  is  in  itself  a  sufficient 
*proof  that  an  enormous  amount  of  ecintagium  does  in 
Sonne  way  or  other  speedily  become  inert,  apart  from 
aXi  attempts  at  disinfection  and  the  exhaustion  of 
available  susceptible  material. 

Mechanical  removal  of  infection  fi'om  rooms  or 
garments  is  oil«n  an  important  adjunct  to  disinfection 
proper.  Walls  are  stripped  of  paper,  or  scraped,  or 
rubbed  with  dough,  or  washed ;  floors  are  washed 
or  swept ;  a  strong  current  of  air  is  sent  through 
the  room ;  garments  are  washed  or  hrHsIied,  or 
beaten,  and  hung  out  in  the  open  air.  As  a  rule, 
such  measures,  though  effectual  as  fur  as  they  go, 
are  in  themselves  incomplete  safeguards,  since  some 
portion  of  the  virus  may  escape  dislodgment,  and 
there  is  no  certainty  as  to  the  future  harmlesaness 
of  the  rest. 

True  disinfection,  that  is  destruction  of  germs, 
may  be  effected  by  heat  or  by  chemical  methotls. 

DfsinfertiOD  bf  hent  is  the  simplest  and  most 
thorough  of  all  methods,  "With  articles  of  small  value, 
the  safest  plan  is  of  course  to  bum  them,  but  when 
this  radical  remedy  is  inapplicable,  disinfection  may 
usually  be  effected  by  exposure  to  moist  or  dry  heat. 

Tlie  experiments  of  Koch,  Parsons,  and  others, 
have  shown  that  bacteria  and  even  spores  of  some 
bacilli  are  destroyed  by  exposure  to  steam  at  a  tem- 
j»emture  of  212^  P.  for  five  minutes,  or  to  hot  air  at  a 
temperature  of  220°  F.  for  four  hours.  Less  resistant 
organisms,  for  example  micrococci  ot  \>a.ciK\  tfise,  S^oov 
spoii-a,  are  destroyed  hy  hot  air  at 'ii^l"  ^.\sv  w.VviWE. 


314        Hygiene  and  Public  Health.   [Chap.  xiii. 

Water  at  a  temperature  of  212°  F. — that  is,  boiling 
water — ^is  at  least  as  efficacious  as  steam. 

The  mode  of  experiment  was  to  steep  threads 
in  cultures  of  the  respective  organisms,  and  after 
exposing  them  to  known  temperatures  for  measured 
periods,  to  test  their  vitality  by  inoculation  or  further 
cultivation  \  "  control  experiments "  were,  of  course, 
made  in  each  instance,  to  prove  that  threads  treated 
in  exactly  the  same  way,  except  as  regards  exposure 
to  heat,  gave  positive  results  in  cultivation  or  inocu- 
lation. Anthrax  spores  and  anthrax  bacilli  serve 
admirably  as  test  objects,  since  they  are  themselves 
pathogenic,  and  can  be  readily  cultivated  or  inoculated, 
with  characteristic  and  unmistakable  results.  Little 
is  known  with  certainty  as  to  the  specific  microbes 
of  the  ordinary  infectious  diseases  attacking  man, 
and  in  regard  to  them  inoculation  experiments  are 
inadmissible,  so  that  for  the  present  we  can  only 
place  reliance  upon  such  processes  as  are  found 
experimentally  to  destroy  the  most  resistant  of  other 
organisms,  namely,  the  spores  of  bacilli. 

In  practice  the  problem  of  disinfection  is  almost 
always  complicated  by  the  fact  that  the  virus  is  not 
exposed  freely,  but  enclosed  in  garments,  pillows,  or 
even  beds  ;  that  is,  in  more  or  less  bulky  articles 
made  of  materials  that  have  been  selected  for  use  as 
being  the  worst  conductors   of   heat.*     It  is  found 

*  Wool  and  silk  are  the  warmest  materials  used  for  clothing.  Not  only 
are  they  bad  conductors  of  heat,  but  they  absorb  a  considerable  amount  of 
moisture  without  becoming  damp.  The  watery  vapour  of  perspiration  is 
condensed,  and  its  latent  heat  rendered  sensible,  while  the  tenacity  with 
which  the  moisture  is  held  prevents  re-evaporation  and  chill.  Linen  and 
cotton  are  much  better  conductors  of  heat,  and  absorb  little  water.  Per- 
spiration readily  makes  them  damp,  and  they  are  then  chilly  owing  to 
evaporation. 

A  brief  note  may  be  introduced  here  respecting  the  microscopic  and 

chemical  characters  of  these  materials.     Under  the  microscope,  wool  fibres, 

like  hair,  are  straight,  unbranched,  and  exhibit  faint  cross-markings  and 

marginal  indentations,  due  to  the  uiibncaUou  of  the  scales.    Silk  filaments 

have  no  such  markings,  and  are  stTWctMieVes?.  e-x-e^vV^ot  w,<?,^?\«\\^\  wodes. 

L,inen  fibres  have  many  nodes,  witYi  lag^e^  XivaucXm^  ^\«ttvfew\,-s>.    ^^xx^ra. 
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H'  that  steam  rapidly  penetrates  iato  the  interior  of 
H  finch  objects.  The  first  portions  condense,  parting 
with  their  latent  heat  in  bo  doing,  and  create  a  - 
partial  Tacuum,  so  that  succeaBive  supplies  of  steam 
foUow  continuously  until  a  temperature  of  at  least 
212°  Fahr.  is  attained  at  the  centre.  Dry  hot  air,  on 
the  contrary,  being  dependent  upon  conduction,  very 
slightly  aided  by  convection,  has  no  such  power,  and 
it  is  praotically  impossible  to  raise  the  temperature  at 
the  centre  of  a  bed  or  similar  bulky  object  to  213°  Fahr. 
by  dry  beat  within  any  reasonable  number  of  hours. 
Hot  air  moistened  by  steam  is  superior  to  dry  hot  air 
in  penetration,  but  not  in  germicidal  power,  and  is 
far  inferior  to  steam  in  both  reapecta.* 

flbres  are  lUt  anil  tivi'^tal,  wlthniit  nndes  or  branches.     The  cliQmic.il 


Ksageiit. 
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■      1 
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Nil. 
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•  Under  ardinnry  Itniospheric  preaBuie  of  14'7  lbs.  to  Uie  sqnaie  Incb, 

pnre  water  bolla  at  212-  F,  ;  !f  the  prcBaure  bi-  dniiMod,  at  a4D' ;  it  trebled. 

»t2T3";  tbese  helnH  tha  ttniveratiires  at  wliict  the  vapour  tension  of 

attain  la  equal  to  Uie  given  pressure.    Further  heatlnn  nf  water  beyond 

temparature  of  both  water  and  steam  reiiiaiiiing  at  the  boiling  point 

to  water  ssaln.    If,  however,  tt  is  further  heatfld  out  of  conlMt  with 

na  nntll  such  time  an  cooling  or  Increaie  of  pressure  brlnga  it  to  the 

Sleom,  in    cnndenafng  Id  water,  alirtn'ta  to  -ri,^;-,  t«\\»^KN*. » 

^es  off  talent  heat 

uffloieht  to 

niaeiUt* 

ni*tii.\.Bt>;  K 

w«-  ■vi'*'' 
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Another  important  consideration  is  the  effect  upon 
the  colour  and  texture  of  fabrics  exposed  to  heat 
Articles  composed  in  part  of  fusible  substances,  such 
as  glue  or  sealiug-wax,  are,  of  course,  ruined  by  heat 
in  any  form.  Steam  is  inadmissible  for  leather  objects, 
since  it  shrivels  them  up  and  renders  them  worthless; 
hot  air  merely  makes  them  temporarily  dry  and  brittle. 
With  these  exceptions,  steam  is  less  injurious  than  hot 
air  in  almost  all  respects.  New  woollen  goods,  such  as 
blankets  and  flannels,  lose  some  of  their  whiteness  and 
fleeciness  by  either  process,  but  not  more  than  in  one 
or  two  ordinary  washings.  Silk  and  cotton  are  not 
injured  by  steam,  nor  by  hot  air  if  the  temperature  is 
carefully  regulated.  Dyes  are  surprisingly  little 
affected  by  either  steam  or  hot  air. 

The  chief  difficulty  in  steam  apparatus  is  to  prevent 
loss  of  heat,  and  condensation.  This  is  overcome  by 
surrounding  the  steam  chamber  with  a  *'  steam-jacket," 
that  is,  by  making  the  wall  of  the  apparatus  double, 
and  admitting  steam  into  the  space  between  the  inner 
and  outer  casings.  A  door  is  provided  at  each  end, 
one  for  the  reception  of  infected  goods,  and  the  other 
for  removal  of  the  goods  after  disinfection.  The  doors 
are  steam-tight,  and  are  fastened  by  strong  screw- 
clamps.  The  articles  to  be  disinfected  are  placed  in 
trays,  or  suspended  from  sliding  racks. 

Washington  Lyon's  apparatus  is  oval  in  section,  and  is 
usually  worked  with  a  pressure  of  10  lbs.  per  square  inch  in 
the  jacket  and  5  lbs.  in  the  chamber,  so  that  the  steam  in  the 
latter  is  superheated,  a  further  precaution  against  condensation. 
The  articles  having  been  introduced,  and  the  doors  closed  and 
secured,  steam  is  first  sent  into  the  jacket  so  as  to  heat  the 
contents  of  the  chamber.  Steam  is  next  admitted  into  the 
chamber  itself,  and  soon  reaches  the  full  pressure  required.  It 
is  found  that  penetration  is  more  rapid  if  the  pressure  is  inter- 
mitted once  or  twice,  which  is  readily  effected  by  turning  a 

correspoiKling  expansion  and  a\)soxvUo\i  o?  \ate,\\t  \v*io.t  in  coiiversion  of 
boih'n^  water  into  steam.  At  any  gvvtu  \>Yeaii\\tc  \X\ft  \i«o.\\\\\^  V^\\\\.  <cil 
M'atcv  co/ita/ii/ng  salts  in  solution  \s  a\\gYvt\v  TiaXaevi. 
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cork.  Tea  to  twenty  rainates  suffice  for  the  penetration  of 
oven  bulky  objects,  and  at  the  end  ot  that  time  the  st«sm.  is 
allowed  to  (iSOa.po  from  tho  chamber,  the  door  ia  opened,  and 
the  articIeB  are  removed.  Further  drying  may  be  effected  if 
neceattarf  by  leaving  the  door  ajar  for  a  few  minutes,  and 
expostog  the  arttcloa  to  heat  from  the  jacket. 

, In  Goddard,  Maasey,  aud  Warner's  apparatus  the  lower 

part  of  the  jacket  serves  as  the  boiler,  and  the  prassitra  in  the 
chamber  is  the  Hame  bs  that  in  the  jacket,  uaually  about  20  IIia., 
Ro  that  the  steam  il  not  HuperhSKted.  After  the  articles  are  put 
in  and  the  door  closed,  hot  air  is  drawn  through  for  two  or 
three  minutes,  and  tliia  is  repeated  after  the  ten  or  tvFenty 
minotfls'  enposqre  to  steam. 

The  Eqiiifex  disinfector,  upon  the  model  of  Goneste  and 

BiHerscher,  ^rgely  used  on  the  Continent,  has  no  steam  jacket,  but 

■ik  lagged,  and  hot  steam-pipea  within  the  chamber  aerve  to 

lessea   condensation  and   dry   the   diainfectfid  articles.      The 

paoal  presHure   is  about  10  Iba.,  and  the  steam  is  not  auper- 

'  rated. 

^  Low-pressure  steiim — that  is,  steam  under  pressure  only 
Bjjitightly,  if  at  all,  eiceoding  the  atmospheric  pressure— was 
V^Qund   by  Koch  to  be  not  inferior  in  germicidal  power  to 


.  it  higher  pressure.  Yan  Overbeek  de  Meyer  devised  an 
j^psratuH  in  which  the  steam,  generated  at  atmospheric 
e  in  a  jacket-boiler  surrounding  the  chamber,  paaaeii  in 
.,h  on  opening  at  the  top-  Hie  temperature  did  not 
ceed  212°,  but  the  results  were  practically  as  good  aa  those 
lainable  with  high  pressure.  In  Thresh's  Current  Steam 
iaiufector  a  somewhat  higher  temperature  is  obtained  without 
..esBure,  hy  the  use  of  a  saline  solution,  in  place  of  plain  water 
Il  the  jacket-boiler.  Reek's  is  still  simpler,  the  jaciiet  being 
iipenasd  with. 

All  ot  these  fulfil  the  esaentia!  conditions — ^namely, 
. '  rapidity  of  penetration,  destruction  of  all  organic  life 
in  the  interior  of  bundles  of  modei-ate  bulk  witliout 
injui-y  to  fabrics,  and  lastly,  coovenienoe  in  working. 
High  pressure,  intermitted,  has  [perhaps  some  ad- 
.vantage  in  rapidity  of  disuifection  of  exceptionally 
l^ulky  articles  ;  but  for  ordinary  purposes  the  simpler 
ind  less  costly  low-pressure  apparatus  is  almost  equally 

Esmarch  lias  cast  doubt  u^a  Ui«.  ^ia:v«ua&aS. 
fficieflcy  o/sii/ierLeateJ  ateam. 
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Hot-air-disinfection  apparatus  labours  under  a 
threefold  disadvantage  as  compared  with  steam. 
The  available  temperature  and  duration  of  exposure 
are  limited  by  the  tendency  to  scorch  the  articles  ex- 
posed ;  the  penetration  of  heat  is  so  slow  that  it  is 
practically  impossible  thoroughly  to  disinfect  objects 
of  moderate  thickness,  such  as  pillows;  and  lastly, 
the  germicidal  effect  of  a  given  temperature  is  far 
less  with  hot  air  than  with  steam.  The  only  advan- 
tage that  can  be  claimed  for  hot  air  is  that  leather 
and  bound  books  are  not  spoiled  by  it  as  they  are 
by  steam. 

The  best  apparatus  of  this  kind  is  that  devised  many  yeais 
ago  by  Ransom.  It  consists  of  a  rectangular  chamber  of  wood 
and  iron,  lined  with  non-conducting  material.  Hot  air  mixed 
with  the  products  of  combustion  passes  into  the  chamber  after 
being  heated  by  a  number  of  gas  jets ;  the  temperature  of  the 
hot  blast  is  kept  constant  by  an  automatic  mercurial  regulator, 
which  controls  the  gas  supply  aud  can  be  set  for  any  required 
temperature.  An  outlet  with  a  chimney  is  provided  at  the  top 
of  the  chamber.  The  best  working  temperature  is  about 
255°  F.,  this  being  the  highest  that  can  be  use!  for  long 
periods  without  danger  of  singeing  cotton  goods.  Thermometers 
are  placed  at  the  inlet  and  outlet.  If  the  contents  of  the  stove 
should  take  fire  owing  to  overheating  or  to  lucifer  matches 
being  left  in  the'pockets,  the  gas  is  automatically  turned  off  and 
the  entrance  of  air  arrested,  by  the  falling  of  a  weighted  lever, 
which,  until  such  accident  occurs,  is  held  suspended  by  a  chain 
attached  to  a  fusible  metal  bar  in  the  interior  of  the  chamber. 
It  is  customary  to  expose  articles  to  hot  air  at  about  255®  F. 
for  two,  four,  or  eight  hours  or  more,  according  to  their  bulk, 
but  for  reasons  already  stated  the  penetration  of  heat  is  very 
limited. 

The  following  figures,  which  give  the  mean  values 

obtained  in  a  series  of  120  experiments,  serve  to  show 

how    slowly    the    temperature    rises    in    the  interior 

of  woollen  objects  exposed  to  hot  air.     Registering 

maximum  thermometers  wexe  ^\».eed  beneath  layers 

of  blanket.     The  inlet  teTn\>eTa\.\\x^  ^^"s>  ^ovxX  l^t:? 
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F.  throughout  the  aeries,  ami  the  final  outlet  teniiwrEi-          1 
ture  246'  to  250°  F.  :—                                                             ■ 

Duratitia  ot 

F"" "' 

,.,L. 

6           n 

S    "„     '.       '.       '. 

si«;  „■ 

In  striking  eontniBt  to  the  above  were  the  results        H 
of  another  series  of  experiments  with  steam  apparatus,         H 
the  same  blankets  being  employed.     An  electric  ther-        H 
mometer,  ringing    at    312"   F.,  was  placed    beneath         ^ 
sixteen    or   more   layers   of   blanket,  and  served  to 
indicate  the  exact  interval  between  the  first  exjiosui-e  to 
steam  and  reaching  SIS"  F.      Different  forms  of  steam 
apparatus  were  t«sted,  with  low  pressure  as  well  as 

It  ia  essential  tliat  any  apparatus  for  disinfection 
by  heat  should  have  doors  at  opposite  ends,  opening 
into  entirely  separate  rooms  provided  with  separate 
entrances.     One  of  these  rooms  should  be  strictly  re- 
served for  infected  and  the  other  for  disinfected  goods, 
and  no  articles  should  on  any  account  be  allowed  to 
enter  the  latter  room  except  through  the  stove,  the 
object  being  of  course  to  guai-d  against  the  danger  of 
reinfection  of  the  purified  articles. 

Chemical  disinfection  has  been  shown  by  the 
^4U:curat«  experiments  of  Koch  and  others  to  be  a  matter 
Hb<tf  considerable  difficulty,  and  comparatively  few  of 
^Ube  so-called  disinfectants  in  common  use  prove  to  be 
^Eeally   germicidal     undc'r  the   conditions    of    actual 
^Bkactice.      A  convenient  but  severe  test  is  to  expose 
^Bb  tlie  "disijifectant,"  for  a  de6nite  period,  threads 
^■fhich  have  been  soaked  in  a  c\i\tVvaM\nTi  wnAaiaNa.^ 
Hic/>rsx  spores  and  then  dried.     Ktav  W*  "  ^.'s.^- 
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fection,"  cultivation  or  inoculation  experiments  show 
whether  the  spores  survive  or  not,  control  experiments 
being  made  at  the  same  time.  Among  the  very  few 
substances  which  killed  the  spores  within  a  day  (and  for 
practical  disinfection  this  is  far  more  than  can  often  be 
allowed)  were  mercuric  chloride  (1  per  cent.),  carbolic 
acid  and  potassium  permanganate  (5  per  cent.),  and 
chlorine  and  bromine  water.  A  4  per  cent,  solution 
of  carbolic  acid  took  three  days,  and  1  per  cent,  per- 
manganate had  no  effect  in  two  days.  Among  those 
which  failed  were  5  per  cent,  solutions  of  chloride  of 
lime,  zinc  salts, copper  sulphate,  ferrous  sulphate,  boracic 
acid,  and  sulphurous  acid,  and*  5  per  cent  carbolic 
oil.  Several  of  these,  however,  are  able  to  kill  less 
resistant  forms,  such  as  sporeless  anthrax  bacilli ;  or, 
serving  as  antiseptics,  to  prevent  multiplication*  A 
substance,  to  be  a  satisfactory  disinfectant,  should 
possess  five  characters  :  (a)  it  should  be  germicidal 
within  a  reasonable  time  limit;  (6)  it  should  not 
possess  chemical  properties  which  unfit  it  for  ordinary 
use ;  (c)  it  should  be  soluble  in  water,  or  capable  of 
giving  rise  to  soluble  products  in  contact  with  the 
material  to  be  disinfected ;  (d)  it  should  not  produce 
injurious  effects  on  the  human  tissues ;  and  {e)  it 
should  not  be  too  costly  in  proportion  to  its  ger- 
micidal value.  The  substances  which  fulfil  all 
these  requirements  are  not  numerous.  Many  value- 
less experiments  have  been  made  respecting  such 
chemical  bodies,  because  the  conditions  necessary  to 
valid  and  comparable  results  have  been  ignored. 
These  conditions  are  chiefly  three,  namely,  using  dis- 
infectants which  give  regular  and  consistent  results, 
using  standardised  bacterial  cultures  as  to  age  and 
source,  and  working  with  the  same  organism.  Out 
of  the  confusion  of  contradictory  findings  it  is  possible,  * 
however,  to  name  a  number  of  reliable  disinfectants. 
The  liquid  reagents  most  in  "ubg  at^  xdetcvmc  <i\iWvde 
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(I  to  500),  potassiiiiu  permanganikte  (5  per  cent.), 
formalin  (40  per  ceat.  solution),  carbolic  acid  (5  par 
cent.),  zinc  chloride  (3-5  per  cent.),  chloride  of  lime 
(1  to  3  per  cent.),  creoBol,  cyllin,  lysol,  creolin,  and 
many  compounda  of  the  aromatic  eeries  {e.g.  iml  and 
Jeyes'  fluid,  which  contain  the  higher  phenols,  and 
form  emulsionB  with  water). 

A  most  importnnt  consideration  in  re^rd  to  tlie  more 
poteat  rengenla  forming  the  firet  aarica  is  their  "  working 
Btrenglh."  If,  tor  example,  it  is  propoaed  to  disitifact  a 
putrescent  liquid  by  means  of  permanganate  of  potash,  it  ia 
ubeolutel}'  aaulees  to  a.dd  a.  little  of  a  5  per  cunt,  aoliilion  of  the 
salt.  We  must  add  either  the  solid  permangiuiate  or  a  highly 
ooDcentmted  solution,  until  the  permaiigniiato  is  prespnt  as 
such  to  tha  extent  of  S  per  cent,  of  the  trhole  weight  of  liquid, 
this  o  per  cent,  being  of  coucse  in  addition  to  the  amount 
required  to  oxidiae  the  organio  matler.  These  esscntiitl 
conditiona  are  rarely  if  ever  olieerved  in  practice,  and  "  diaia- 
lection. "  by  permanganate  conslats  really  of  deodorisation 
vrith  poilial  oxidntion  of  organic  matter,  A  aimilar  conaident- 
tion  applies  to  mercuric  chloride,  'nhich,  if  added  to  liquids 
contaiimig  organic  matter,  forms  a  precipitate  that  cartiei 
down  part  of  the  mercury  in  an  inert  form,  and  if  aulphnretled 
hydrogen  is  present,  the  eqiully  inert  snlphide  oE  mercury  is 
throvrn  down.  So,  too,  vitb.  carbolic  acid,  which  muit  form 
not  leai  than  o  per  cent,  of  the  whole  weight  of  liquid — not 
merely  of  the  stock  solution — if  it  is  to  destroy  anthrax 
Gporoa. 

Mercuric  chloride  ia  one  of  the  cliief  reagents  that 
can  be  conveniently  employed  in  solution  under  such 
conditions  as  to  destroy  the  most  resiataut  microbes. 
One  part  of  mercuric  chloride  in  1,000  of  water 
destroys  anthrax  spores,  according  to  Koch,  but 
other  observers  have  found  this  strength  inadequate. 
The  great  drawback  to  this  reagent  is  its  extremely 
poisonous  nature,  hut  it  may  be  kept  in  Huted 
poison  bottles  properly  labelled,  sjid  the  solution  may 
be  artificially  coloured  with  indigo,  and  "  odorised " 
with  thymol,  as  further  safeguards.  T!\\6  idiw«\-n.% 
proporfitujs  are  suggested  in  a  \neTaotai\.fovm  "A  ""^^Tia 
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L.O*B*: — |- oz.  mercuric  chloride,  1  oz.  hydrochloric 
acid,  and  5  grains  of  commercial  aniline  blue,  in 
three  gallons  of  water.  This  ought  not  to  cost  more 
than  one  penny  per  gallon  and  should  not  be  further 
diluted.  Non-metallic  vessels  (wooden  or  earthen- 
ware) should  be  used.  Articles  soaked  in  the 
mercurial  solution  should  be  steeped  in  water  for 
some  hours  before  washing.  Whether  the  contagia 
of  human  diseases  are  amenable  to  less  potent  reagents 
is  still  an  open  question,  but  for  the  present  it  is  not 
safe  to  assume  this. 

Many  fluid  disinfectants  are  now  applied  direct  to 
infected  surfaces  by  means  of  a  sprayer  (Equifex, 
Mackenzie,  etc.),  such  as  chloride  of  lime  (1  to  2  per 
cent.),  carbolic  acid  (5  per  cent.),  formalin  (40  per 
cent,  solution,  4  ozs.  to  the  gallon). 

Fumigation. — For  the  disinfection  of  rooms  and 
other  closed  spaces  the  principal  reagents  in  use  are 
sulphurous  acid,  chlorine,  bromine,  nitrous  acid,  and 
formic  aldehyde.  Sulphurous  acid  is  usually  gener- 
ated by  setting  Are  to  fragments  of  roll  sulphur  in  an 
iron  vessel,  with  the  addition  of  a  little  spirit  to 
facilitate  lighting.  Sulphur  candles  are  convenient 
substitutes,  or  bisulphide  of  carbon  may  be  burnt 
in  a  lamp.  The  prescribed  proportions  are  1  to  3 
lbs.  of  sulphur  to  every  1,000  cubic  feet  of  air  space, 
yielding  theoretically  1*1  to  3*3  per  cent,  of  sulphur- 
ous acid  in  the  air  of  the  room. 

Chlorine  is  most  conveniently  produced  by  adding 
crude  hydrochloric  acid  to  chloride  of  lime.  The 
strength  of  the  latter  varies,  but  as  a  rule  1^  to  2 
))int8  of  the  acid  should  be  allovt^ed  for  each  pound  of 
chloride  of  lime.  No  heat  is  required ;  indeed  the 
reaction  is  so  rapid  that  it  is  necessary  to  secure  time 
for  the  operator  to  escape,  by  letting  the  acid  drip 
through  a  small  hole  upon  a  little  cup  which,  when 
full,  overtiowa  into  the  dish  coii\a.mm^>^^Xvreifc.    The 
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quantities  required,  according  to  Gflrman  experiiuents, 
are  very  large — about  15  Iba.  of  chloride  of  lime 
and  22  lbs.  of  hydrochloric  acid*  for  every  1,000  cubic 
feet.  These  quantities,  being  somewhat  prohibitive, 
are  coranionly  reduced  to  one-tenth  or  less  in  practice. 
The  reagents  should  be  divided  into  a  convenient 
uuiuber  of  portions  and  placed  in  sevei-al  parts  of  the 
room  in  positions  as  near  the  ceiling  as  practicable. 
Nitrous  fumes  are  generated  by  adding  copper 
tilings  or  otbei'  reducing  agents  to  nitric  acid. 

In  any  case  the  room  must  be  rendered  as  nearly 
air-tight  as  possible  before  fumigation.  Paper  should 
be  pasted  over  the  fireplaces  and  ventilators,  and 
around  the  window-sashes  and  doors,  leaving,  of 
course,  one  door  to  be  pasted  up  on  the  outside 
after  the  operator  quits  the  room.  It  is  desirable 
to  render  the  aif  of  the  room  moist  by  means  of 
steam  or  water  before  fumigating  by  sulphurous  acid 
or  chlorine,  to  an  extent  sufficient  to  moisten  the  walls 
and  other  surfaces. 

In  ordinaiy  I'ooms  it  appears  that  the  unavoid- 
able leakage  is  considerable,  so  that  tiie  theoretical 
proportion  of  the  gas  is  only  present  for  a  very  short 
time,  if  at  all.     The  slightest  pi-otection  shields  even 
sensitive  microbes  from  the  action  of  the  fumigant ; 
very  few  are  killed  which  lie  in  crevices,  or  in  the 
"      pocket  of  a  coat,  or  are  wrapped   in  filter   paper, 
Koch's    experiments    in    an    almost   air-  tight    box 
^    showed  that  sulphurous  acid,  in   the    proportion    of 
^    1-0   per  cent,    of    the    cubic    space,    killed   anthrax 
bacilli  and  other  sensitive  organisms  in  half  an  hour, 
I   but  that  anthrax  spores  and  other  spores  of  bacilli 
.  ,  resisted    6-0   per  cent    for   days.     The   addition    of 
-^  moisture  gi-eatly  accelerated  the  action  upon  bacilli, 
.  and  so  far  inci-eaacd  the  eSbct  upon  spores  of  bsxsilU. 
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that  some  of  them  were  killed  by  exposure  to  5  per 
cent,  sulphurous  acid  for  twenty-four  hours. 

Formic  aldehyde  vapour  can  be  obtained  by  various 
devices  in  the  way  of  lamps  (paraform  lamp  burning 
30  tabloids  per  1,000  cubic  feet) ;  more  effectively  by 
Trillat's  autoclave,  a  somewhat  costly  apparatus,  in 
which  its  40  per  cent,  aqueous  solution,  known  as 
formalin,  is  treated  at  high  pressure  in  presence  of 
calcium  chloride,  the  gas  being  passed  through  the  key- 
hole by  means  of  a  tube ;  or  by  Lingner's  apparatus,  in 
which  glyco-formal  (formalin  30  per  cent,  and  glycerine 
10  per  cent.)  is  vaporised  and  ejected  as  a  fine 
spray.  If  the  formalin  is  simply  heated  much 
of  the  aldehyde  changes  into  a  solid  polymeride 
paraform.  The  amount  of  formalin  required  for  each 
thousand  cubic  feet  of  air-space  in  a  room  is  variously 
stated  as  150  to  500  c.c.  The  vapour,  in  the  propor- 
tion of  1  per  cent,  in  air,  or  solution  of  0*5  per  oentr 
strength,  is  found  to  destroy  most  organisms.  For 
purposes  of  fumigation  formic  aldehyde  has  advantages 
over  sulphurous  acid  and  chlorine  in  its  lower  density, 
which  gives  it  greater  diffusibility  and  some  power  of 
penetration,  and  in  its  more  rapid  action.  It  acts 
best  if  the  air  is  dry,  and  is  harmless  to  most  colours 
and  most  surfaces  except  iron.  The  vapour  is  irri- 
tating, but  readily  cleared  away  by  ventilation. 

Klein,  Houston,  and  Gordon,  in  1902,  found  that 
formic  aldehyde  gas  (30  tabloids  of  '034  oz.  each  to 
1,000  cubic  feet  space)  killed  the  cholera  and  typhoid 
bacilli,  and  the  diphtheria  bacillus,  as  well  as  staphy- 
I0COCCU8  pyogenes  aureus,  in  five  hours,  and  devitalised 
tubercular  sputum  on  linen  and  paper.  The  same 
may  be  said  of  sulphurous  acid  gas  (3  lbs.  to  1,000 
cubic  feet)  in  24  hours,  except  that  the  sputum  re- 
wained  unaffected.  Anthrax  spores  were  not  killed 
uniformly  under  any  oi  tWse  eoiid\t\ows. 

It  would  seem,  tl:ierefoTe,  t\v«J()  Si  Y^^Q,wa.\Asyas.  ^^^ 
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takeu  to  reduce  the  leakage  to  a  mini  mum,  fumigation 
by  sulphurouB  acid,  chlorine,  or  formic  aldehyde, 
may  be  able  to  destroy  moat,  if  not  all,  of  those 
microbes  that  are  not  very  resistant,  and  that 
happen  to  he  fi-eely  exposed  upon  the  surface. 

Fumigation   is  to    be    regarded  as — at  jnost— a 

disinfection  of  air  and    of    surface.      Even   this    is 

an  important  step  in  the  direction  of  safety,  for  the 

surface  ia  precisely  that  portion  of  an  infected  article 

which  is    moat   readily    and   most  largely    charged 

with  infective  matter,  and  from  which,  moreover,  in- 

J  fection  ia  most  readily  given  oif  to  persona  handling 

I* -or  coming  into  contact  with  i)\a  fomites.     Am  a  pre- 

T  liminary  process  it  aWbrds  some  degree  of  security  to 

le  engaged  in  carrying  out  later  and  more  thorough 

surea  of  disinfection.  It  can  be  supplemented,  as 
IsegardB  surfaces,  by  washing  with  soap  and  water,  or 
Hth  a  disinfectant  solution ;  wall-papent  can  be 
'ripped  off,  or  lime-wash  renewed. 

Disinfection  of  the  air  of  a  room  ia  practically 
ensured  by  the  free  ventilation  which  in  any  case 
must  be  effected,  but  if  infected  surfaces  or  articles 
ai'e  allowed  to  remain,  the  air  may  at  any  time  again 
become  charged  with  infective  matter  accidentally 
dislodged  froqi  its  resting-place. 

Besides  the  germicidal  power  of  the  reagent  there 
are  three  other  conditions  essential  to  disinfection — 
namely,  sufficient  strength  or  intensity,  maintained 
for  a  sufficient  time,  with  sufficient  contact  or 
exposure. 

In  fevr  departmonts  of  hygiene  Imve  u,l)surd  gEneraliBatiunB 
lieen  bo  prevalent  as  in  reference  to  disinfection.  "DiBin- 
fectsnta,"  or  Bubatanoas  labelled  sa  such,  ora  still  widely 
employed  under  cooditioDa  wMeh  a  moment's  leflectian  would 


brown  paper  or  greRD  sticks,  we  buve  ttie  vjVwAesjiw  ctk^vwj- 
<j£   deodomnts    iind    aiitiseptka     vi&iui;    ft^Q     name   dl 
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disinfection,  uosapported  by  any  scientifio  evidence  of  their 
utility.  The  few  true  disinfectants  in  general  use  are 
commonly  employed  under  such  conditions  as  to  quantity, 
concentration,  and  duration  of  exposure,  that  little  benefit  can 
result  from  them.  Earth  is  popularly  believed  to  be  a 
universal  disinfectant,  and  yet  earth  abounds  in  microbes,  some 
of  which  are  pathogenic.  Indeed,  the  very  nitrification  upon 
which  the  purifying  action  of  earth  is  so  largely  dependent 
is  in  great  part  due  to  the  life  and  growth  of  microbes.  It  is 
often  asserted  that  the  danger  of  infection  by  diseased  meat  is 
exaggerated,  because  the  process  of  cooking  must  destroy  any 
microbes  that  may  be  present.  Even  as  regards  microbes,  the 
temperature  in  the  interior  of  joints  obviously  may  fall  i^ 
short  of  that  required  for  disinfection,  and  the  ptomaines  and 
unorganised  ferments  (toxins)  are  in  all  probability  uninjured 
by  ordinary  cooking.  The  gastric  juice  also  is  credited  with 
a  disinfecting  power  much  greater  than  the  evidence  warrants. 
The  "  comma  "  bacillus  and  many  others  are  destroyed  by  it, 
but  spores  may  escape.  SarcinsB  and  other  microbes  may  be 
found  in  abundance  in  the  stomach  itself,  fully  exposed  to  the 
alleged  germicidal  gastric  juice  ;  and  in  the  intestine  millions 
of  microbes  are  always  present.  Moreover,  it  is  now  estab- 
lished beyond  dispute  that  tuberculosis  and  other  diseases  are 
communicable  to  animals  by  means  of  the  alimentary  canal. 

Attempts  are  often  made  to  "  disinfect "  sewers  and  drains 
by  flushing  them  with  solutions  of  chloride  of  lime,  carbolic 
acid,  or  ferrous  sulphate.  A  little  consideration  will  render  it 
clear  that  any  real  disinfection  of  this  kind  is  wholly 
impracticable,  even  if  true  disinfectants  such  as  strong 
solutions  of  mercuric  chloride  are  used.  The  reagent  is 
quickly  diluted  by  the  contents  of  the  drain,  and  rapidly 
passes  away  without  coming  even  momentarily  into  efEectual 
contact  with  the  whole  of  the  material  and  surfaces  it  is 
supposed  to  disinfect.  If  the  drain  or  sewer  is  properly 
constructed,  thorough  flushing  by  water  will  bo  more  effectual 
than  the  use  of  disinfectants. 

Antiseptics  are  reagents  which  prevent,  arrest,  or 
impede  the  growth  and  multiplication  of  microbes, 
without  necessarily  destroying  them.  All  true  chemical 
disinfectants  are  still  antiseptic  when  diluted,  provided 
that  the  dilution  is  not  carried  too  far  (mercuric 
chloride  Las  some  trace  oi  aiv^Ase^tvci  ^o^^r  even  at 
the   enormous    dilution  oi  \   m  'i^'^,^^^^'^.     kxass^% 
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other  important  antiseptics  are  : — Boracic  acid,  borax, 
sulphurous  acid ;  essential  oils,  including  those  o£ 
mustard,  thyme,  turpentine,  peppermint,  cloves,  and 
eucalyptus  ;  quinine  and  other  iJkaloids. 

Antiseptics  are  employed  mainly  to  prevent  or 
arrest  decomposition  of  organic  substances.  Apart 
from  surgical  purposes,  they  are  used  for  the  preser- 
vation of  food,  to  prevent  or  restrain  decomposition 
in  Clonic  refuse,  as  a  precaution  against  rotting  of 
timber,  and  in  many  other  ways. 

Deodorants  serve  to  remove  or  mask  eflluvia. 
Among  aerial  deodorants,  nitrous  acid  is  one  of  the 
most  powerful  Chlorine  and  the  fumes  given  off 
by  moist  chloride  of  lime  are  also  potent,  and  act 
by  oxidation  of  organic  matter;  they  decompose 
sulphuretted  hydrogen,  which  is  an  important  con- 
stituent of  the  gases  of  putrefaction.  Hydrochloric 
acid  fumes,  like  chlorine,  neutralise  the  free  ammonia 
and  ammonium  carbonate.  Sulphurous  acid  may,  per- 
haps, act  in  some  degree  as  a  reducing  agent,  and  also 
as  an  antiseptic,  but  its  chief  effect  is  to  overpower 
the  effluvia  and  necessitate  free  ventilation.  Fume» 
of  wood,  tar,  or  paper  are  ijuite  useless  except  for  the 
same  reason. 

Of  tlie  solid  or  liquid  deodorants,  ferrous  sulphate 
and  cupiio  sulphate  act  mainly  by  removing  the  sulphu- 
retted hydrogen  as  a  precipitate;  potassium  permanga- 
nate simply  oxidises  ;  carbolic  acid  and  the  essential  oils 
exert  an  antiseptic  effect  and  so  check  further  decompo- 
sition, while  at  the  same  time  their  jHiwerful  odour 
masks  all  others.  The  ozone  or  peroxide  of  hydrogen 
which  is  believed  to  be  associated  with  the  essential 
may  effect  some  small  amount  of  oxidation. 
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CHAPTER     XIV. 

SPECIFIC   DISEASES. 

Small-pox  has  been  described  more  or  less  clearly 
in  Eastern  countries  for  nearly  two  thousand  years, 
and  more  definitely  in  Europe  since  the  sixth  century. 
No  part  of  the  world  is  exempt  from  epidemic  visita- 
tion ;  but  in  India  and  the  Soudan  it  is  so  constantly 
prevalent  that  these  may  be  regarded  as  endemic  fed. 
Pandemic  extension  occurs  from  time  to  time,  charac- 
terised by  the  enormous  areas  attacked,  and  by  the 
malignant  type  of  the  disease.  The  last  of  these  was 
that  of  1871-2,  which  overran  Europe  and  America, 
and  caused  in  England  alone  42,000  deaths  during  the 
two  years. 

The  whole  epidemic  character  of  small-pox  has 
completely  changed  since  the  introduction  of  vaccina- 
tion. The  "  bills  of  mortality  "  show  that  upon  the 
average  7  to  9  per  cent,  of  the  persons  buried  in 
London  during  the  seventeenth  and  eighteenth  centu- 
ries had  died  of  small-pox,  and  in  epidemic  years  the 
proportion  often  rose  to  13,  15,  or  even  18  per  cent 
The  only  approach  to  this  state  of  things  since  the 
introduction  of  vaccination  was  iu  the  pandemic  year 
1871,  when  9*8  per  cent,  of  the  deaths  in  London 
were  due  to  small-pox.  The  general  mortality  upon 
which  this  percentage  is  calculated  is,  of  courae,  far 
smaller  in  proportion  to  population  than  in  the  last 
century.  During  the  greater  part  of  last  century 
small-pox  became  somewhat  prevalent  in  London 
every  four  or  five  years,  but  in  the  decade  1891-1900 
it  remained  at  a  very  low  ebb,  although  there  have 
been  signs  of  reviving  activity  &\Yveei  \^<^<^.  The 
same  remarks  apply  more  or  \eaa  to  \\\^  o\\v«^  ^w^\^ 
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'towns,  al!  of  which  Buffered  heavily  in  1871-2,  and  have 
with  few  exceptiona  been  unpreoedentedly  free  from 
the  disease  for  the  last  few  years.      A  severe  epidemic 

jurred  in  SheflSeld  in  18S7-8,  however,  in  the 
soanufuoturing  districts  of  Yorkshire  and  Lancashire, 
d  at  Gloucester  in  1896,  and  throughout  the  country 
ia  1902-3. 

Season. — The  mortality  curve  for  small-pox  in 
JIngland  is  above  the  mean  from  January  to  June, 
and  below  it  from  July  to  December.  The  New 
Torfc  curve  does  not  differ  essentially  from  this,  but 

i  to  a  more  definite  maximum  in  May.  la  India 
fte  masimum  occurs  in  the  cold  season,  namely,  in 
ifarch  or  April. 

Soil  ia  not  found  to  have  any  influence  upon  the 
brevalence  of  small-pox. 

•  Air. — In  1884-6  it  was  found  by  Power  that 
cases  of  small-pox  in  the  surrounding  districts  fol- 
lowed the  admission  of  acute  cases  into  Fulham 
Hospital.  He  showed  that,  if  the  district  were 
divided  into  zones,  by  means  of  circles  drawn  upon 
the  map  from  the  hospital  as  a  centre,  with  radii 
of  J,  J,  J,  and  1  mile  resijectiveiy,  and  an  enumera- 
tion made  of  all  the  liouses  in  each  belt,  and  also 
of  all  houses  invaded  by  small-pox,  the  proportion  of 
invaded  houses  diminished  as  the  distance  from  the 
hospital  increased,  and  this  relation  held  good  in  each 
"quadrant"  of  each  zone  (Fig.  23).  Within  the 
quarter-miSn  zone  there  was  only  one  approach  to  the 
hospital,  and  this  was  in  the  N.W.  quadrant.  The 
distribution  of  cases  in  the  several  quadrants  was  not 
such  as  to  suggest  any  relation  to  lines  of  traffic  or 
ambulance  routes.  Power  concluded  that  diffusion 
only  occurred  when  acute  cases  were  aggregated,  and 
perhaps  only  under  certain  atmospheric  conditiotve, 
that  cannot  as  yet  be  dehned. 
^L         Barry  found  a  similar  vadiatw'a  ot  \n,le»;vQtv  'is'si^ 
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hospital  upon  a  lai^r  scale  in  the  Sheffield  epidemic 
of  1887-8,  but  the  posaibility  of  personal  connection 
could  not  be  entirely  excluded.  Similar  obaerrations 
with  similar  results,  namely,  a  graduated  intensity  of 
amall-poz  incidence  as  distance  between  smaill-pox 
hospital  and  a  populous  neighbourhood  became  leas, 


idFnlhunHtupilal, 


have  been  made  at  Oldham  in  1893  ;  Warrington 
1892-3;  Bradford  1893;  Glasgow  1900-01,  and  the 
Orsett  Union  J  adjoining  the  site  of  the  small- 
pox hospital  ships  in  the  Thames,  from  1884 
to  1902.  These  and  other  careful  itivestigations 
leave  little  room  for  doubt  that  under  favour- 
aWe  conditions  small-pox  can  be  conveyed  through 
the  air,  and  for  cons\deTa\i\e  4\&\b.\iw55.  Aji  ob- 
serration  at  Nottingham,  \%Sl-%, ^^4*  ^  *^'>'" '^*< 
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B  radiation  may  occur  upon  a  small  scale  from 
B  acute  case.  The  town  had  beBn  absolutely 
ora  smallpox  for  a  year,  when  a  case  waa 
I  imported  and  concealBd  in  a  crowdsd  house  in  a  dense 
I  quarter.  On  the  south  side  this  house  was  closBly 
*  adjoined  by  courts  and  alleys  that  were  only  aoces- 
flibie  (from  the  north)  by  a  long  and  circuitous  route ; 
streets  and  houses  on  all  the  other  sides  of  the  house 
in  question  were  freely  accessible.  Three  houses 
situated  in  the  isolated  courts  on  the  south  were 
invaded,  but  none  in  the  directions  in  which  traffic 
could  pass.  The  dates  of  attack  in  each  case  corre- 
sponded with  the  hypothesis  of  aerial  convection  from 
the  concealed  ca^ie  during  the  acute  stage,  and  the 
wind  waa  northerly  at  the  time  of  probable  infection 
in  each.  Confirmatory  evidence  as  to  such  diffusion  of 
small-pox  from  centres  outwards  has  been  repeatedly 
recorded. 

Neither  water  nor  milk  has  been  shown  to  convey 
the  infection  of  smallpox. 

Ag&  amd  sex. — The  mortality  from  small-pox  is 
greater  among  males,  not  only  at  all  ages  taken 
together,  but  also,  with  few  exceptions,  at  each  age 
period.  The  exceptions  are  the  second  and  third  year 
of  life,  and  the  tenth  to  the  fifteenth  year,  at  al! 
of  which,  from  some  unexplained  caiise,  the  female 
mortality  slightly  exceeds  the  male. 

The  relation  to  age  has  to  be  considered  with 
reference  to  vaccination.  In  pre- vaccination  times, 
as  McVail  has  shown  from  the  Kilmarnock  registers, 
90  per  cent,  of  the  deaths  were  at  ages  below  five 
years,  the  actual  maximum  being  in  the  second  year. 
Under  present  conditions,  the  deaths  under  five  years, 
being  practically  limited  to  unvaceinated  children, 
constitute  only  30  per  cent,  of  the  total  sma.lL-'^'x. 
deatlis,  and  in  this  age  period  the  gve^Acat  ■Hiii'c^KK*>"5 
occurs  in  the  Srst  year,  being,  inieed,  W^e*'^  w  'Oaw 
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first  three  months  of  life.  It  diminishes  steadily 
from  this  point  until  about  the  fifteenth  year,  rises  to 
a  second  maximum  about  the  twenty-fifth  year,  and 
thenceforward  diminishes  again. 

Race, — Coloured  races,  and  especially  negi'oes, 
have  a  peculiar  susceptibility  to  small-pox.  They 
take  it  more  readily,  and  suffer  a  heavier  case  mor- 
tality, than  white  races,  apai*t  from  all  question  of 
vaccination. 

The  incfiihation  period  is  usually  twelve  days,  or 
counting  to  the  appearance  of  the  rash,  fourteen  days, 
so  that  the  rash  is  seen  on  the  fifteenth  day,  on  the 
same  day  of  the  week  that  the  infection  was  acquired. 
There  are,  however,  exceptions  to  this  rule.  Inocu- 
lation of  small-pox  is  followed  by  constitutional 
symptoms  on  the  seventh  or  eighth  day,  and  the 
general  rash  appears  on  the  tenth  or  eleventh.  Even 
after  infection  by  more  ordinary  means  it  is  stated 
that  the  latent  period  may  range  from  seven  to  eighteen 
days;  and  the  rash  is  often  delayed  until  the  fourth 
day  (i,e,  the  third  after  onset)  instead  of  appearing  on 
the  third. 

Infection  is  given  off,  presumably  by  the  breath, 
from  the  earliest  onset.  The  exhalations,  the  vesicleSi 
pustules,  and  scabs  are  also  highly  infectious.  The 
virus  may  be  carried  by  air  currents,  as  already  men- 
tioned. It  readily  lodges  in  clothing,  and  retains  its 
vitality  tenaciously ;  hence  outbreaks  are  liable  to 
occur  in  paper- works  and  other  manufactures  in  which 
rags  are  employed.  Isolation  should  be  maintained, 
for  at  least  three  weeks  in  the  mildest  case,  and  always 
until  every  scab  has  disappeared — a  process  which,  in 
confluent  cases,  will  take  six  weeks,  and  often  consider- 
ably longer.  After  exposure  to  infection,  a  quarantine 
of  seventeen  days — to  allow  a  margin  over  the  fortnight 
— 18  sufficient.  Second  at^ck^  «bt^  Taxe,  except  after 
86  veral  years'  interval.  T\\\yA  a\X.«k^'8>  ax^  Ti<^\>>irE^sxtfs^Rr^ 
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J5«i;jWJ«!S. — The  meJical  officer  of  health  is  not  unfrequciitly 
tonsalted  as  to  tho  liliignoBiB  of  variola,  and  it  may  be  deaiiable 
Sieret'ore  to  add  here  the  main  points  to  )>o  hunie  in  mind  as 
Aiaracteristic  of  the  disease  ; — 

'  Biidden  atlacks  of  fer^r,  huailache,  vomiting,  backache  [moat 
narked  in  the  lambar  and  eacml  regions]  geaerally  begin  tram 
13  to  14  days  after  infection.  Rigors  ore  often  pieaenC. 
Vomitiag  and  retching  aro  aoTnetimea  severe.  In  children  (and 
Iven  in  adults  occasionally]  these  initial  aymptonis  may  he 
SIlBcured  hy  drovrsiness. 

•  The*e  initial  ayiapteias  hut  two  or  three  dayt  before  the 
i^fOcterUlic  rash  ajifieaTi.  But  in  some  cases  accumpoiiyijlg 
^^H  Bymptoms  ore  various  forms  of  mild  eruptions,  which 
■W  mmnlate  meaaleB  or  scarlatina.  Such  eruplionB  ars  fre- 
^^^7  localised  to  diSerent  parts  of  the  body. 
^BHui  eharacteriatic  eruption  of  small-pox  appears  about  two 
^^M  alter  the  onset  of  the  backache,  f over,  etc  It  cotisists  at 
V^  of  a  number  of  small  red  pimples  or  spots,  which  gradually 
Elflrga  and  beconie  hard  and  "  shotty  "  to  the  touch.  After 
hay  have  been  out  lor  about  48  hours  they  begin  to  hecome 
,^uill  hladders  or  vesicles,  contniuing  at  first  clear,  and,  later 
-  jurulent  matter  (puetules).  They  are  about  the  size  of  a 
Y  pea,  are  surrounded  by  a  thin  red  zone  (or  areola],  are 
lately  raised  above  the  level  of  the  skin,  oftenassume  the 
Jir  01  dull  pearl,  aud  in  many  casta  show  a  central  depres- 
■{nmbilication).  About  the  eighth  or  ninth  day  the  pustnlea 
'o  dry  up,  so  that  from  the  first  appearance  of  Uie  rash, 
sive  stages  of  pimple,  veaicle,  and  pustule  occupy 
ir  eleven  days.  Simultaneously  with  its  appearance 
)  skin,  the  eruption  appears  on  the  mucous  membrane  of 
ooatb  and  palate. 

a  persons  who  have  been  vaccinated  the  TB£h  is  somewhat 
'"sd  (varioloid)  and  comes  out  more  tapidlyjthe  Tosidea 
oiler  and  less  abundant,  not  so  much  depressed  in  the 
B,  and  may  not  become  pustular. 

n  important  point  is  the  diitribiitioii  of  the  rtuh.  The 
's  generally  come  out  on  the  face,  purticnlaxly  on  the 
.  .  and  arotmd  the  lips.  Almost  immediately  afterwards 
K  Appear  on  the  limhe,  being  pBrticnlorly  marked  on  the 
ma  ai<l  ankles.  Afterwards  the  lash  appears  on  tba  back, 
kt  the  skin  on  tho  frojit  of  tho  chest  is  loss  affected  and  the 
E  of  the  abdomen  least.  A  further  point  is  that,  as  a  rule, 
p  the  rash  comes  out  Ihe  tcmtemtui'e  fu,lls  and  the  patient 
■  better.  In  rare  inslauces  the  rash  i&  iilu^oaX:  ca'us^'j 
bMsed,  and  tberetote  in  times  of  epiieralc  ftie  k\i\ssctwi'» 
^premonitory  Bymptoms  alone  iilioa\d  wcoiwB  aiis^i^^" 


1 


334      Hygiene  and  Public  Health,      ichap.xiv 

The  three  most  important  aids  to  correct  diagnosis  are— 
the  premonitory  symptoms,  the  character  of  the  rash,  and  the 
distribution  of  the  rash. 

The  precautionary  measures  to  be  taken  in  case  of 
an  outbreak  of  small-pox  include  immediate  and  rigid 
isolation,  which  can  only  be  satisfactorily  carried  out 
in  hospital,  especially  when  the  danger  of  aerial  spread 
of  infection  is  considered ;  thorough  disinfection;  vac- 
cination, or  re-vaccination  of  all  persons  who  have  been 
exposed  to  risk  of  infection,  however  remotely,  those 
only  being  excepted  who  have  recently  (say  within 
fom'  years)  undergone  successful  vaccination,  or  who 
bear  marks  of  recent  small-pox.  Ko  reliance  can  be 
placed  upon  verbal  assurances  as  to  previous  attacks, 
or  even  as  to  vaccination,  and  after  a  time  the  pro- 
tection of  previous  small-pox,  as  well  as  of  vaccin- 
ation, may  vanish. 

The  pathogenic  microbe  of  small-pox  and  vaccinia 
may  possibly  be  a  bacillus  (Klein  and  Copeman). 
It  is  found  most  readily  in  early  lymph,  about  the 
fifth  day,  and  can  be  cutivated  upon  the  hen's  egg, 
though  not  upon  ordinary  media. 

Inoculation  of  small-pox  (variolation),  already  referred  to 
above,  was  generally  practised  in  England  in  the  eighteenth 
century,  having  been  introduced  from  the  East  in  1721  by  Lady 
Mary  Wortley  Montagu.  It  seems  to  have  been  customary  to  in- 
oculate from  the  primary  vesicle,  not  from  the  secondary  rash. 
Mild  cases  were  selected,  and  the  lymph  was  taken  before 
suppuration  set  in.  The  fatality  (2  or  3  per  cent.),  though 
far  lower  than  that  of  "natural "  small-pox,  was  by  no  means 
trifling,  and  the  readiness  with  which  the  risk  was  incurred  is 
a  strong  illustration  of  the  magnitude  of  the  danger  to  which 
it  was  the  only  known  alternative.  It  was  superseded  by 
vaccination,  and  was  finally  forbidden  by  law  in  1840. 

Vaccination,  introduced   by  Jenner  in    1796, 
gradually  superseded  inoculation  during  the  earlier  part 
of  the  lust  century.    It  was  provided  gratuitously  by 
the  drat  Yaccination  Act  oi  \ft\0,Tcv^^^^^\^x\.^i\^ci\:^\xv 
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'  1854,  and  ayatematically  enforced  by  paid  Tatcination 
"cerafrom  the  time  of  the  pandemic  in  1871.  Under 
e  Act  of  1898  more  latitude  has  been  allowed  to 
K'tiie  conscientious  objector. 
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This  table  shows  that  each  extension  of  i 
tion  waiS  attended  with  a  reduction  in  the  atnall-pox 
I  SQortoJity,    in    which,   however,    the    different    ages 
fcby   no   means  shared   equally.      The   reduction  was 
reatest  at   the   ages  of  highest  niortality^that  is, 
mong  children  under    10    years  of    age — -while   at 
ea  over    15  the  change  was  comparatively   sbght. 
the  third  period  the  latter  no  longer  included, 
as    in    former    generations,   a  large    proportion    pro- 
tected   by    non-fatal    attacks    of   small-pox    under- 
gone   in    early    life,   and    on    the    other   hand    the 
protection    due    to    infantile    vaccination    bod    had 
■  )  fade.     Moreover,  even  unvaccinated  persons 
i,  under  the  new  conditions,  a  better    chance    of 
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escaping  small-pox  until  adult  life.  The  enormoua 
reduction  in  mortality  among  young  children  whose 
vaccination  was  recent  speaks  for  itself,  and  it  must  not 
be  forgotten  that  the  mortality  at  ages  under  5  years  oo- 
curs  among  the  un vaccinated  residuum,  the  vaccinated 
being  practically  exempt,  ae  will  be  seen  presently. 

Another  illustration  of  the  great  change  in  the  age- 
incidence  of  small-pox  has  already  been  given.  At 
Kilmarnock,  from  1738  to  1764,  there  were  622  deaths 
from  small-pox,  of  whicli  563,  or  90  per  cent.,  were  at 
ages  below  5  years.  The  corresponding  proportion 
in  England  from  1871  to  1880  was  30  per  cent. 
Buchanan*  gave  other  instances  in  the  following 
table,  with  an  analysis  of  the  age-incidence  of  small- 
pox mortality  in  London  in  1884  upon  the  vac- 
cinated and  unvaccinated,  separately,  from  which  it  is 
manifest  that  the  old  conditions  remained  unchanged 
among  the  unvaccinated,  except  that  the  protection 
which  the  rest  of  the  community  had  acquired  lessened 
the  probability  of  exposure  to  infection  : — 
Contribution  op  Vabiois  Ages  to  100  Small-Pox  Di4thb 
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An  analysis  of  the  returns  of  the  5,683  small-pox 
deaths  in  London  during  the  ten  years  1879-88,  aa 
1  liy  the  Registrar-General,  yields  the  following 


results : — 
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Confirmatory  evidence,  if  any  be  needed,  is  afforded 
by  Barry  in  reference  to  tLe  Sheffield  epidemic  of 
1887-8  :— 


SHBmELD,  1887-8.— Small- Poi    Attacks 
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From  these  statistics  it  appeai-s  that  the  vaccinated 
part  of  the  population  had,  as  compared  with  the  un- 
vaccuiated,  at  ages  below  10  years,&  20-fold  immunity 
from  attack,  and  480-fold  security  against  death  from 
BDiall-pox  ;  at  agee  above  10  years,  a  5-£old  imm.wM.'Ji  ! 
from  attack,  and  51-fold  securitj  a,|,avt«,\.  ftssBKa  Vpwa. 
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small-pox;  at  ^^ all  ages,^^  a  6-fold  immunity  from 
attack,  and  a  64-fold  security  against  death  from 
small-pox. 

Sheffield  Hospitah,  1887-8.  Proportion  of  mild  {''varioloid*' 
and  ''discrete'*')  and  severe  {"coherent'*  and  *' confluent") 
eases  per  100  attacks  among  persons  of  each  class  stated, 

(BAKaY.) 
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As  regards  London,  the  proportion  of  small-pox 
deaths  to  deaths  from  all  causes  is  available  as  a  mea- 
sure of  the  prevalence  of  the  disease  before  and  after 
the  introduction  of  vaccination,  which  came  gradually 
into  operation  at  the  beginning  of  the  19th  century. 
From  the  "  bills  of  mortality  "  it  appears  that  during 
the  thirty-one  years  1770-1800  small-pox  caused  59,253 
out  of  the  626,530  deaths  in  London,  or  9*4  per  cent 
In  the  thirty-one  years  1801-31  the  proportion  was 
4*6  per  cent.  From  1832  to  1837  no  returns  are 
obtainable  ;  but  for  the  thirty-one  years  1838  to  1868 
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the  proportion  was  1'4  per  cent  Even  in  1871,  when 
the  pandemic  wave  reached  London,  the  deaths  from 
small-pox  were  only  9-8  per  cent,  of  the  total  deatlia, 
a  proportion  very  little  in  excess  of  the  average  whieh 
jirevaUed  between  1770  and  1800, 

The  figures  in  the  table  at  the  foot  of  pa^e  338 
are  quoted  from  Seaton. 

The  greater  susceptibility  of  the  unvaccinated  to 
the  small-pox  virus  is  manifested  not  only  in  a  greater 
liability  to  attack,  but  in  a  higher  case  mortality. 

The  quality  of  vaccination,  also — that  is,  the  num 
ber,  area,  and  character  of  the  cicatrices — has  sua  im- 
portant bearing  upon  the  degree  and  pennanence  of 
the  protection  afforded.  Both  of  these  points  come 
out  clearly  in  all  lai^  hospital  statistics,  of  which 
the  following  two  examples  will  suffice  : — 

Com  Mortality  in  rtlation  to  qaatity  of  vBCeinatioti  and  to  age, 
Ixutd  upon  an  analysii  of  ]0,403  caaei  in  Melrupoliian  Small- 
Poz  BaspitaU.      '" 
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Having  two  cicatrices ^^ 

Having  three  ciostrieea ^.\ 

String  foar  or  more  ciaatticoa        ...         -  \ 
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Ee-vaccination  renews  in  all  respects  the  immunity 
given  by  primary  vaccination.  As  regards  entire 
populations,  the  results  of  general,  if  not  universal, 
re-vaccination  are  shown  in  the  following  figures, 
taken  from  the  report  of  the  German  Vaccination 
Commission  of  1884.  After  the  pandemic  of  1870- 
74,  re-vaccination  was  made  compulsory  in  Germany 
ordyj  and  small-pox  has  never  become  seriously  epidemic 
during  the  years  that  have  since  elapsed ;  while  in 
other  countries  the  incidence  continued  much  as  in 
the  period  before  1870. 

• « 

Small-Pox  Death  Hates. 


Austria. 

Prussia.* 

Berlin.* 

Hamburg.  * 

1 

London. 

Paris. 

Vienna. 

1870 

0-30 

0-175 

0-22 

0-25 

0-30 

5-46 

0-46 

1871 

0-39 

2-432 

6-32 

10-75 

2-42 

9 

0-74 

1872 

1-90 

2-624 

1-38 

0-95 

0-53 

006 

6-36 

1873 

3-23 

0-337 

0-11 

0-008 

0-04 

0-01 

2-28 

1874 

1-78 

0-095 

0-024 

0-005 

0*02 

0-02 

1-35 

1875 

0-58 

0-036 

0-051 

0-000 

0-01 

0-13 

113 

•1876 

0-39 

0031 

0018 

0.018 

0-20 

0-20 

1-67 

1877 

0-53 

0-003 

0-004 

0-012 

0-70 

0-07 

0-84 

1878 

0-61 

0-007 

0-007 

0-002 

0-38 

0-04 

0-75 

1879 

0-51 

0-013 

0-007 

0-000 

0-12 

0-45 

0-46 

1880 

0-64 

0-026 

0-008 

0-000 

0-12 

1-09 

0-73 

1881 

0-83 

0-036 

0-047 

0-022 

0-61 

0-49 

1-23 

The  German  Vaccination  Law  was  passed  in  1874 
compelling  vaccination  and  re-vaccination.  Infants 
must  be  vaccinated  before  the  end  of  the  calendar 
year  following  the  year  of  birth,  and  all  children 
must  be  re- vaccinated  in  their  twelfth  year.  Obedience 
to  this  law  is  enforced  by  fine  or  imprisonment.  So 
completely  is  this  system  worked,  that  there  is  less 
need  for  the  strict  isolation  of  small-pox  than  in 
England.     For  instance,  in  Getmany,  the  rare  cases 

•  Italic  figures  are  inserted  for  tlie  'jeaia  \tv  ^\A.Oa.  toxsv^s^orj  xv 

vaccination  "wa%  Vn  toT<ift. 
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i^-pos  are  placed  in  pavilions  of  general  hospitals, 
not  in  Bfiparate  small-pox  hospitals.  The  population 
of  Germany  is  56  millions,  and  from  1891  to  1902 
incluaive,  there  were  f>07  deaths  recorded  aa  due  to 
Bniall-pox.  The  small-pox  deaths  during  the  same 
period  in  England  and  Wales  (population  32  millions) 
were  6,761.  If  the  ratio  had  be^eo  the  same  in  Eng- 
land OS  in  Germany,  there  would  have  been  only  350 
deaths, 

Barry  shows  that  in  the  Sheffield  epidemia  the  re- 
vaccinated  had  a  great  advantage  over  the  rest.  Of 
8,198  persons  re-vaccinated  prior  to  the  epidemic,  35 
were  attacked  and  1  died,  the  attack-rate  being  there- 
fore 3-0  per  1,000,  and  the  death-rate  0-1.  Among 
56,233  persons  re-vaccinated  during  1887-8,  2  were 
doubtfully  attacked  and  none  died, 

Xt  may  be  convenient  to  eiimmariae  the  evidence  as 
follows  :— 

A.  Ak  regardi  raimnated  and  Hnvaceinaled  papulndom  rsspee- 
tivelt/.^iV)  In  pi-e-vaccinution  times  the  Ijeaviust  iDcidenee 
of  snmll-pox  was  upon  childhood.  (2)  In  the  unvaccinated 
part  of  the  community  it  ia  bo  still.  (3)  Among  caccinated 
persona  chOdliDDd  ii  esempt,  anii  small-poi  ia  only  fatal  in 
la'er  years,  when  the  protective  infliieuco  of  vaocinHtion  haa 
Ended,  (i)  In  a  mixed  community  (vaccinated  and  unvacci- 
nated)  totii  those  eftecti  ate  apparent,  the  heai-itr  incidenca 
upon  the  unv.iccinated  compensating  for  their  aconty  numbers, 
(n)  Thii  Immunitj-  at  early  agea  among  the  vnccinatod  may  be 
oitended  indefinitely  by  re-vaocinatiDn.  (0}  In  every  BpidGmic, 
in  e»Bry  lommuiiity,  and  in  every  year— if  the  numbers  are 
sulficieiilly  large  to  preclude  fallacy— the  unvaccinated  soSer 
mure  attacks  iii propoilion  tit  theW  imnhert  than  the  vaccinated, 
and  (J)  a  latgerperceatageof  the  attackaare  fatal.  (8)  Among 
the  v&ccinaied  who  auSer  from  small-pox  in  later  yearn,  the 
proportion  of  fatal  to  non-fiitn!  nttocks  diminishes  as  the 
number  or  area  of  the  cicatrices  increaseH. 

Ij.  At  ngaieAi  entire  popiilalwiia. — (Bj  The  introductiim  of 
vaccination  has  in  all  casee  been  followed  by  a.  lowered  average 
incidence  of  amaU-poi.      (10)  Each  entenaion.  ol  timiY>*wiv^ 
vaocinatioD  has  led  to  a  further  reduction,     l^W")  Ctnc^'^vwii^ 
ro-vaeoiiuUion  hae  almoat  Antlr^y  anp^eaaei.  niia.Vkf'C<ss.-  ~ 
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The  vaccine  virus  is  that  of  cow-pox  or  vaccinia,  a 
disease  formerly  prevalent  among  cattle,  but  now 
rarely  met  with.  It  occurs  in  the  form  of  vesicles 
upon  the  teats  and  udder  in  cows.  The  virus  is  in- 
oculable  upon  human  beings  as  well  as  cows,  and  this 
inoculation  constitutes  vaccination.  Goats  also  are 
susceptible.  No  person  is  insusceptible  except  as  the 
result  of  previous  vaccination,  or  an  attack  of  small-pox. 
Primary  vaccination  in  the  human  subject  is 
followed  on  the  third  day  by  a  papule,  which  on  the 
fifth  or  sixth  day  is  vesicular.  On  the  eighth  day  the 
vesicle  is  mature ;  it  is  greyish,  elevated,  tense,  locu- 
lated,  and  contains  a  clear  viscid  lymph  which  exudes 
when  the  vesicle  is  pricked.  On  the  ninth- day  in- 
flammatory changes  set  in ;  the  lymph  begins  to  con- 
tain pus,  and  a  reddish  "  areola  "  surrounds  the  vesicle. 
Slight  constitutional  symptoms  are  common  at  this 
stage.  The  vesicle  becomes  a  pustule,  begins  to  dry 
up  about  the  tenth  day,  and  forms  a  dark  scab  about 
the  fourteenth.  The  scab  falls  off  in  the  fourth 
week,  leaving  a  permanent  scar  which  should  be 
depressed  and  pitted. 

Vaccination  may  be  darried  on  from  arm  to  arm 
for  an  indefinite  and  probably  unlimited  number  of 
years  without  having  recourse  to  the  cow  again.  The 
lymph  should  always  be  taken  on  the  eighth  day  (that 
is,  exactly  a  week  after  the  vaccination)  from  normal 
and  unbroken  vesicles.  No  lymph  should  be  collected 
after  a  re- vaccination,  or  from  an  unhealthy  subject, 
or  from  vesicles  showing  any  sign  of  inflammatory 
action.  By  far  the  surest  plan  is  to  vaccinate  directly 
from  the  vesicle,  but  the  lymph  may  be  sealed  in 
capillary  tubes  or  dried  upon  ivory  points,  and  retains 
njuch  of  its  efficacy  for  a  considerable  time. 

Vaccination  by  calf  lymph  is  now  in  use  upon  a 
large  scale,  owing  partly  to  a  ^o^\\\ax  ^\5L%>^\ci.on  that 
the    current    arm-to-arm    -vaco-m^t^ou  \s>  \q««v^  S5ws» 
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power,  but  chiefly  to  the  fear  of  the  virus  of  Byphilis 
or  other  malady  being  inoculated  with  the  lymph  fi-om 
diseased  human  subjects.  There  appears  to  be  no 
diflference  either  in  the  course  of  the  symptoms  or  in 
Jesuits  between  ordinary  arm-to-arm  vaccination  and 
TOCcination  from  the  calf. 

Vaccination  is  protective  against  itself  as  well  aa 
against  amall-pOK.  Any  numher  of  "insertions "may 
bo  made  at  the  time  of  vaccination.  Whether  one 
Tedcle  is  produced  or  a  dozen,  the  protection  is  ab- 
solute for  the  time  being,  but  all  experience  goes  to 
that  the  duration  of  the  protection  is  limited, 
?  directly  proportionate  to  the  number  and  are» 
ft(  cicatrices  produced.  Hence  it  is  desirable  to  vacci- 
nate in  at  least  four  places,  and  the  total  area  of  the 
ilcatrices  should  not  be  less  than  half  a  square  inch. 
Kie  return  of  the  Metropolitan  Asylums  Board  for 
,the  amall.pox  epidemic  in  London,  19U1.2,  respecting 
this  point,  is  given  here,  and  a  study  of  it  will  amply 
prove  the  claim  made. 


VicGln&led  canea— 


trMorrted  '. 


As  the  protective  iuflaence  ot  t\ift  ^Hwa-Tj  "■ 
ciaation  fades,   a    time    arrives    w\voa  terMwt.OTW^'ws'** 
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becomes  possible.  Comparatively  few  persons  are 
insusceptible  to  re-vaccination  after  the  lapse  of  ten 
or  twelve  years ;  many  "  take "  readily  within  five 
years,  although  the  primary  cicatrices  may  be  good. 
The  course  of  re-vaccination  in  the  majority  of  persons 
is  different  from  that  of  the  primary  operation,  being 
more  rapid,  and  often  failing  to  exhibit  some  of  the 
typical  stages.  If,  however,  the  former  protection 
has  entirely  disappeared,  the  course  of  re-vaccination 
may  be  identical  with  that  of  a  primary  vaccination. 

Vaccine  lymph  contains,  among  other  microbes, 
bacilli  which  Copeman  regards  as  pathogenic.  He 
finds,  too,  that  it  is  possible  to  kill  out  the  extraneous 
organisms  by  suitable  admixture  with  glycerine,  leaving 
the  lymph  stUl  active.  Filtration  renders  it  inert.  The 
virus  is  somewhat  readily  destroyed  by  chemical  disin- 
fectants, but  the  lymph  can  be  kept  in  the  dry  state,  or 
in  sealed  tubes,  for  months  or  even  years,  although  it 
begins  to  lose  some  of  its  activity  from  the  very  first.* 

Jenner  believed  that  vaccinia  was  small-pox  modified  by 
transmission  through  the  cow,  a  form  of  attenuation  very 
similar  to  that  which  we  now  know  to  be  possible  as  regards 
many  other  diseases.  Cow-pox,  formerly  common,  has  become 
rare  among  cattle  coincidently  with  the  reduction  in  human 
small-pox  due  to  vaccination.  The  seat  of  the  eruption  was 
the  teats  and  udders  of  cows,  a  limitation  that  suggests  contact 
with  the  hands  of  milkers  as  a  means  of  inoculation.     It  is 

*  Glycerinated  calf  lymph  is  now  prei>ared  as  follows  :— A  calf,  aged 

three  to  six  mouths,  is  kept  in  quarantine  for  a  week.    If  then  found  upon 

examination  to  be  quite  healthy,  it  is  removed  to  the  vaccinating  station, 

the  lower  part  of  its   abdomen   antiseptically   cleaned.    The     animal  is 

now  vaccinated  upon  this  sterilised  area  with  glycerinated  calf  lymph. 

After  Hve  days  the  part  is  again  thoroughly  washed,  and  the  contents  of 

the  vesicles,  which  have  of  course  appeared  in  the  interval,  are  removed 

w;th  a  sterilised  sharp  spoon,  and  transferred  to  a  sterilised  bottle.    This 

is  now  removed  to  the  laboratory,  and  the  exact  weight  of  the  material 

ascerbiined.    A  calf  thus  vaccinated  will  yield  from  18  to  24  grams  of 

vaccine  material.    This  is  now  thoroughly  triturated  and  mixed  with  six 

times  its  weight  of  a  sterilised  solution  of  60  per  cent,  chemically  pure 

glycerine  in  distilled  water.     The  resulting  emulsion  is  aseptically  stored 

in  sealed  tubes  in  a  cool  place.     At  iiv\«\:va.UciL\m\\%t:Q\w  week-*  it  is  care- 

/u/iy  examined  bacteriologicaWy  \mt\V  \>)'  a?,A\  ^\viX%%  \\.  \%  ^^\xiwvs.\x^\iVj 

free  from  extraneous  organiaius,  -wtiexi  \\,\axe^^^  ^q\  ^^X^VyCoviXKqt^, 
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^Vfifficult  to  inoaulate  eov/n  with  smaU-pox  virus,  but  if  effected, 
^■tyaccinia  aeema  to  result  Hime  has  done  so,  in  the  calf.  Cooly 
^^micceeded  twice  in  a  large  number  of  expetiments,  Badcock  in 
H  oalj'  seven  per  caat.  of  his  attempts,  and  other  expcrimentera 
have  failed  entirely.  Voigt  clainiH  to  ha»a  sncceeded  bj-  the 
device  ot  vacdnating  a  calf  in  one  part  of  its  bodf,  and  at  the 
Kame  time  jnoouluting  with  BmalUpox  in  another,  tmo  vaccine 
Teaioloa  appearing  in  both  places.  Chaaveau  failed  to  produce 
vaccinia  by  inoculating  calves  ivitb  Boiall-pox,  but  papiilea 
appeared  at  the  points  ol  iosertion,  and  the  contents  of  tbcse 
papules  inocnlated  upon  susceptible  human  subiecla  gave  risa, 
not  to  vaccinia  but  to  small-pox.  It  is  possible  that  Chauveau's 
ruBulta  correspond  ta  Oeely's  and  B^dcock's  failure,  not  to  their 
few  successes,  since  they,  too,  sometimes  obtained  slight  local 
eSects  which  tbfej  did  not  regard  as  vaccinia;  und  tbe  repro- 
duction uf  human  small-pas  by  inoculation  from  tbe  papuloa 
may  hare  been,  due  simply  to  the  unaltered  small-pox  virus 
which  li  I  had  inserted. 

Bouloy,  and  also  Ceely,  haring  produced  such  papules  by 
inoculating  small-pox  matter,  afterwords  inoculated  the  same 
animals  with  vaccine  matter,  and  with  success. 

The  incubation  of  vaccinia  being  shorter  than 
that  of  EDiall-pox,  it  is  possible  to  modify  or  even  en- 
tirely prevent  an  attack  of  amall-pox  by  vaccination 
performed  some  days  after  infection.  This  is  especially 
the  case  with  re-vaccination,  the  incubation  of  which 
is  often  Bhorter  than  in  piimary  vaccination. 

Successful  vaccination  within  tliree  days  after  ex- 
jxisura  to  infection  will  prevent  the  apjiearance  of 
syuiptoma,  and  it  is  probable  that  the  attack  will 
either  be  aiTested  or  modified  by  vaccination  as  late  as 
the  fifth  or  even  sixth  day.  The  proof  of  this  rests 
upon  the  observation  that  attacks  of  smallpox  may, 
and  do,  occur  within  six  days  of  vaccination  in  persons 
who    have   been    many  days    previously  exposed  to 

I  infection,  but  the  few  attacks  that  occur  between  sis 
uid  nine  days  after  succegi/ul  vaccination  are  mild,  and 
practically  none  commence  later.  The  usual  incubabluv. 
of  small-jjox,  it  wili  be  remembered,  \a  V«(^'*ft  &.«3a. 
The   Royal    Commission    ou   ^  aA;ovQ».\Xo»,  X*^'** 


3^4^      Hygiene  and  Public  Health.      [Chap.  xiv. 

concluded   that  the  protection   vaccination:    affords 
against  sniall-pox  may  be  stated  as  follows : — 

*^(1)  That  it  diminishes  the  liability  to  be  attacked 
by  the  disease.     (2)  That  it  modifies  the  character  of 
the  disease  and  renders  it  less  fatal  and  of  a  less  severe 
type.      (3)   That   the   protection  it   affords  against 
attacks  of  the  disease  is  greatest  during  the  years  im- 
mediately succeeding  the  operation  of  vaccination.    It 
is  impossible  to  fix  with  precision  the  length  of  this 
period  of  highest  protection.     Though  not  in  all  cases 
the  same,  if  a  period  is  to  be  fixed,  it  might,  we  think, 
fairly  be  said  to  cover  in  general  a  period  of  nine  or 
ten  years.     (4)  That  after  the  lapse  of  the  period  of 
highest  protective  potency,  the  efficacy  of  vaccination 
to  protect  against  attack  rapidly  diminishes,  but  that 
it  is  still  considerable  in  the  next  quinquennium,  and 
possibly  never  altogether  ceases.     (5)  That  its  power 
to  modify  the  character  of  the  disease  is  also  greatest 
in  the  period  in  which  its  power  to  protect  from  attack 
is  greatest,  but   that  its  i)0wer  thus  to  modify  the 
disease  does  not  diminish  as  rapidly  as  its  protective 
influence  against  attacks,  and  its  efficacy  during  the 
later  periods  of  life  to  modify  the  disease  is  still  very 
considerable.     (6)  That  revaccination  restores  the  pro- 
tection which  lapse  of  time   has  diminished,  but  the 
evidence  shows  that  this  protection  again  diminishes, 
and  that  to  ensure  the  highest  degree  of  protection 
which  vaccination  can  give  the  operation  should  be  at 
intervals  repeated.      (7)  That  the  beneficial  effects  of 
vaccination  are  most  experienced  by  those  in  whose 
case  it  has  been  most  thorough.     We  think  it  may 
be  fairly  concluded  that  where  the  vaccine  matter  is 
inserted  in  three  or  four  places  it  is  more   effectual 
than  when  introduced  into  one  or  two  places  only,  and 
that  a  the  vaccination  marks  are  of  an  area  of  half  a 
square  inch  they  indicate  a.\ieU,eY  ^\i^\,^.  ot  protection 
than  if  their  area  be  at  a\\  cioii^\vie^v!^i\>j  \>A^>«  Nikxv^? 
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The  VacciDBtion  Acts  of  1867,  1871,  and  1874 
liavB  been  modified  by  that  of  1 898.  In  general,  u. 
child  must  be  va<!i!inat«d  within,  six  months  of  birlh. 
The  parent  ia  relieved  from  obligation  if  within  four 
niontha  aft«r  the  child  '\^  born  lie  satisfies  a  magis* 
trate  that  he  conscientiottsly  believes  that  vaccination 
would  be  prejudicial  to  its  health,  and  within  seven 
days  tliereafter  gives  the  magistrate's  certificate  to 
the  vaccination  officer.  And  even  in  the  absence  of 
sneh  an  exemption,  an  order  under  the  1867  Act 
directing  tliat  a  child  be  vaccinated  cannot  be 
made  upon  any  person  who  Las  previously  been  con- 
victed of  non-compliance  with  a  similar  order  relating 
to  the  same  child.  It  is  the  duty  of  tlie  putilio 
vaccinator,  if  the  parent  so  requires,  to  attend  the 
child  at  its  home.  If  a  child  is  not  vaccinated 
within  fonr  months  of  its  birth,  the  public  vaccinator 
is  to  visit  the  home,  after  giving  at  least  twenty-four 
hours'  notice,  and  offer  to  vaccinate  with  glycerinated 
calf-lymph  or  such  other  lymph  as  the  ^.^.B.  may 
provide.  In  either  case,  if  he  finds  that  owing  to 
the  condition  of  the  house,  or  recent  prevalence  of 
infectious  disease  in  the  district,  the  operation  cannot 
safely  be  performed,  he  is  not  to  vaccinate,  but  must 
give  a  certificate  of  postponement,  and  inform  the 
M.O.E.* 

Public  vaccinators  are  to  use  only  glycerinated 
calf-lymph,  or  other  lymph  supplied  by  the  L.G.B., 
and  must  keep  registers  from  which  the  origin  of  the 
lymph  used  in  each  operation  can  be  identiiied.     The 

•  The  L-O.B.  direct  HiM,  "escept  ao  fur  as  miy  iinmedlitB  dinger 
ut  siosll-pni  Diiy  tequiie,  tlis  publio  VMClnator  inuat  Yuooimito  only 
KultJeiiU  »tao  are  In  good  Jialtli.  As  rs^Hrds  iiihntB,  lie  mint  iui:lin>lii 
tlMt  thern  <i  not  »ny  fcbrilii  gtatB,  nor  my  hrtUMou  of  thu  bowula,  nor  sny 
unbesUhy  atsUof  the  aktn.  upecUly  na  otianng  or  ecnsina  bebind  the  ears 
or  in  thH  btoIii  or  alstwhem  in  folda  at  skin.  He  mmfl.  not,  wjsi^  til 
DUMMity,  ramduato  In  ettKS  where  Ihaie  haa  t«mi  leeBwt  siv"™"  """ 
iBtcetlaa  ul  aiteamm  audi  aa  nmaalBB.  seatlaUmi.or  liV^ittiei^- 
eryslyelai  Im  preralling  In  or  about  the  vlaEB  nl  teSMooce." 
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Instructions  require  the  greatest  care,  as  to  cleanliness 
and  sterilisation  of  instruments  used,  and  aseptic 
precautions  at  all  stages.  "  The  public  vaccinator 
must  aim  at  producing  four  separate  good-sized 
vesicles  or  groups  of  vesicles,  not  less  than  half  an 
inch  from  one  another.  The  total  area  of  vesiculation 
resulting  from  the  vaccination  should  not  be  less  than 
half  a  square  inch." 

The  L.G.B.  may,  in  the  event  of  serious  risk  of 
outbreak  of  small-pox  or  other  exceptional  circum- 
stances, requii'e  the  Guardians  to  provide  vaccination 
stations,  and  may  temporarily  and  locally  modify 
the  obligation  upon  the  public  vaccinator  to  visit 
otherwise  than  by  request.  Any  S.A.  maintaining 
a  hospital  for  small-pox  must  keep  a  register  of 
patients,  showing  name,  age,  address,  and  condition 
as  to  vaccination.  The  entries  are  to  be  made  at  the 
time  of  admission,  and  the  register  is  to  be  accessible 
to  the  public. 

A  child  must  be  vaccinated  within  six  months  of 
its  birth  unless  (a)  the  parent  obtains  a  magistrate's 
certificate  of  exemption,  or  (6)  the  child  dies,  or  (c)  is 
attacked  by  small-pox  within  that  period,  or  (c?)  three 
or  more  unsuccessful  attempts  at  vaccination  have  been 
made,*  or  a  medical  certificate  of  postponement  (for 
not  more  than  two  months  at  a  time)  is  given  on  the 
ground  of  ill-health,  or  of  recent  prevalence  of  in- 
fectious disease  in  the  district,  or  of  the  condition  of 
the  house  in  which  the  child  resides.  Certificates  of 
successful  vaccination,  or  attack  of  small-pox,  or  of  in- 
susceptibility to  vaccination,  or  postponement  of  vac- 
cination, can  be  given  by  any  registered  practitioner. 

Ke-vaccination  is  entirely  optional,  but  persons 
over  twelve  years  of  age  are  re-vaccinated  gratuitously 

*  tn  this  event  insusceptibility  is  iuteYxeOi  *,  \iM\,  owt  ot  88,000  primary 
vaccinations  Cory  failed  in  only  one  instan<i«>,  o.\i«\  \u  \X\«.X  viv^^  \\feV%a^  \ia 
cipporfcuD  J  ty  of  making  a  third  attempt.  -  ..- 


ntj  the  public  vaccinator,  and  if  there  is  immediate 
r  of  smalt-pox,  the  age-limit  ia  reduced  to  ten 

The  administi-ation  of  the  Vaccination  Acts, 
Jifnbject  to  the  control  of  the  L.G.B>,  is  entrusted  to 
Bt^e  Poor  LSiW  Guardians,  not  to  the  S.A.  Instruc- 
■tions  and  blank  forms  of  certificate  are  issued  by  the 
nib-registi'ars  to  the  parents  at  the  time  of  registration 
^«f  birth. 

Varicella,  or  chicken-pox  was  only  clearly  distinguished 
om  smalt-pox  in  the  last  centiiiy,  but  beyond  n  certain 
japerficiai  renemtjltuice  there  ia  oothing  in  common  between 
J(he  two  diseases.  Yarioella  occurs  as  aa  epidemic,  which  not 
liiifToquently  coincides  with  small-poi  outbreaks,  and  adds  to 
the  difficulty  of  diagnosis  oF  mild  cases  of  the  latter.  Persons 
at  a,n  ages  are  liable  to  nttaclt,  but  children  more  than  adults. 
The  mortality  is  pmctically  nil,  a  fatal  result  being  unknown 
except  in  cases  almost  moribund  from  other  causes,  or  in  cases 
of  varicella  t/anj/renota.  Nothing  is  known  of  the  conditions 
that  determine  the  appearance  of  this  lare  and  malignant  type 
of  varicella  in  individual  cases  during  an  outbreak  of  ordinary 
character. 

The  latent  interval  ia  vecy^  commonly  a  fortnight.  The 
characferistic  vesicular  eruption,  which  niay  be  very  profuse 
a,nd  widely  distributed,  is  thickest  upon  the  back  and  shoulders. 
The  vesicles  are  not  nsimlly  umbiliisted,  although  this  ia  not 
B  Taliable  point  for  diagnostic  purposes,  and  among  them  are 
some  that  are  aptly  compared  to  drops  of  scalding  water  upon 
the  skizi,  there  being  no  induration  arounil  them.  At  ether 
times  varicella  spots  simulate  small-pux  more  closely,  but  there 
is  almost  always  a  want  of  nniformity  in  si».',  appearanoe,  and 
stage  of  development.  The  premonitory  syroptoma  (vomiting, 
backache,  anniexia,  etc.)  that  accompany  the  onset  of  small- 
pox only,  the  distribution  and  appearance  of  the  rash,  the 
relation  to  vaccination,  and  the  historjr  of  eipcsore  to  one  or 
other  kind  ol  infection  will  seldom  fail  to  make  the  diagnosis 

The  infection  of  varicella  is  active  from  the  first  onset,  and 
is  readily  imparted  by  contact  or  by  means  of  fomites.  The 
mode  in  which  it  is  given  off  is  unknown,  hut  the  breath  ia  the 
most  probable.  Attempts  have  been  made  to  iuotviliite.  fassisv 
tho  vesicle,  but  without  success.  aacouiattaOsaBiB-iaiiu.  _^ 
r       A  qimntntine  of  eighteen  dajs  ia  aufficieiA  altei:  f 
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iDfoction ;  after  an  attack,  isolation  should  be  kept  up  until  all 
scabs  have  disappeared.  In  times  of  small-pox  epidemic  the 
li.G.B.  or  the  county  council  or  S.A.  may  make  chicken-pox 
temporarily  notifiable  in  order  thereby  to  bring  to  light  cases 
of  small-pox  simulating  varicella. 

Measles  became  clearly  diflferentiated  from  small- 
pox and  scarlet-fever  in  the  seventeenth  century. 
No  country  or  race  appears  to  be  exempt  from  it, 
and  it  has  no  demonstrated  relation  to  climate.  Some 
dependence  upon  meteorological  conditions  may  be 
inferred  from  the  fact  that  the  colder  months,  even  in 
the  tropics,  are  favourable  to  the  rise  and  spread  of 
measles  epidemics.  In  London  the  seasonal  curve 
of  mortality  shows  two  maxima,  a  principal  one  in 
December  and  a  lesser  one  in  June,  the  minitna 
occurring  in  February  and  September.*  The  influence 
of  age  as  regards  liability  to  attack  has  not  been 
worked  out,  but  the  mortality  from  measles  is 
greatest  in  the  second  year  of  life,  and  rapidly  falls 
in  every  succeeding  year.  Sixty  per  cent,  of  the 
deaths  occur  during  the  first  two  years  of  age,  75 
per  cent,  in  the  first  three,  and  upwards  of  90  per 
cent,  under  five  years.  The  mortality  is  greater 
among  females  at  all  ages  above  ^vq  years,  but 
greater  among  males  up  to  that  point,  so  that  upon 
the  whole  the  female  mortality  is  lower  than  the  male. 

Measles  epidemics  are  occasionally  so  malignant 
in  type  as  to  have  a  case  mortality  of  30  per  cent,  or 
more,  but  in  such  instances  neglect,  improper  treat- 
ment, or  insanitary  conditions  have  been  largely  re- 
sponsible for  the  result.  The  epidemics  now  met  with 
in  Great  Britain,  though  variable  in  severity  of  type,, 
cause  a  case  mortality  that  rarely  exceeds  five  per 
cent.,  and  is  often  not  more  than  one  or  two  per  cent. 

*  The  winter  maximum  vanishes  in  many  parts  of  Great  Britain  and  the 

Continent,   particularly    where  the  measles  mortality    is   low,   leaving 

a  fiimple  curve  with  a  maximum  in  June  and  a  minimum  in  September 

or  October.   (Beg.  Gen.  Ann.  Kept,  /or  \S%4.    ^vie  »\?.q  '*^«aa\s,?>  l^v^demics, 

Major  and  Minor/*  Transactiom  of  the-  Epidemiological  SoG>A>,l'vj,\Wi.-'^>k 
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I   The   fatal   cases   are   as    a   rule  due    to   pulmonary 
Q]]}licatioii3  or  diaiThcea  rather  than  to  the  prhnary 
jeaae  itself,  the  tendency  to  the  one  or  the  other 
I  loomplication  being  often  fairly  constant  throughout 
1  epidemic,  but  apparently    independent  of  season 
\  (Hiraeh).      Unlike  scarlet  fever,  measles  often   dis- 
I  appears  almost  entirely  from  a  district  in  tlie  interval 
1   epidemics.     These    intervals,    however,    are 
I  iHually  short,  and  few  towns  in  England  escape  an 
I  I'^idemic  for  much  longer  than  two  or  at  most  three 
I  ^ears    at    a.    time.     Insalar    communities    such     as 
I  Joelandand  FariJe,  with  little  commuDication  with  the 
■."Outside  world,  remain  free  for  an  indefinite  number 
■  «f  years  after  the  subsidence  of  an  epidemic,  until 
'nfection  is  introduced  afresh.      Occasionally  measles, 
ike  emall-pox,    becomes    "  pandemic "    and  difEuses 
'  self  for  a  brief  period  over  a  large  part  of  the  globe. 
Measles  is  said  to  have  been  inoculated  hy  nasal 
mucus  {BrUtowe)  with  an  incubation  of  seven  or  eight 
days.     It  has  no  known  relation  to  soil,     It  does  not 
appear  to  be  transmitted  by  drinking-water,  milk,  or 
other  food,  or  to  have  any  connection  with  diseases 
of  lower  animals.     "  Insanitary  conditions  " — notably 
overcrowding,  OKposure,  and  want  of  food — diminish 
greatly  the  chance  of  i-ecovery,  as  was  found  in  the 
outbreak  among  French  troops  in  the  siege  of  Paris, 
when  8G  out  of  315  died.     Whether  such  conditions 
increase   the    liability    to    attack   cannot   be   stated. 
The  virus  ajipears  to  be  readily  conveyed  by  the  air, 
probably  for  considerable  distances,  but  of  this  exact 
proof  is  wanting.     Measles  has  not  yet  been  isolated 
upon  the  largo  scale,  so  that  the  question  of  the  possi- 
bility of  agrial  spread  of  infection  from  hospital^  has 
not  arisen. 

From  analogy  it  may  he  asisuiiied  that  a  spcciiic 
measles  uiiei-obe  exists,  but  none  ha,B  ^ot  \)W&\\  «aiC\»- 
factorily  demonstrated. 
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Infection  is  probably  always  acquired  by  inhakr 
tion.  The  incubation  period  is  usually  about  twelve 
days,  and  is  followed  by  the  stage  of  invasion  marked 
by  pyrexia  and  catarrhal  symptoms  affecting  chiefly  the 
respiratory  tract  and  the  conjunctiva.  The  rash  appears 
on  the  fourth  day  of  illness,  first  on  the  forehead,  then 
becoming  general.  It  consists  of  dusky  pink,  slightly 
elevated  spots,  which  increase  for  two  or  three  days, 
and  then  slowly  fade.  Slight  scurfy  desquamation 
follows.  Infection  is  given  off  by  the  breath  and 
mucus  from  the  onset  of  the  first  symptoms,  and 
very  possibly  even  during  the  stage  of  incubation. 
It  is  not  clear  how  long  this  liability  continues,  nor 
whether  the  desquamated  cuticle  is  iiifectious,  but  the 
usual  rule  is  to  allow  a  quarantine  of  not  less  than 
three  weeks.  An  attack  is  usually  protective  through- 
out life,  and  this  is  probably  the  main  reason  for  tiie 
comparative  immunity  of  adults,  but  well-authenti- 
cated instances  of  repeated  attacks  in  the  same  person 
are  far  from  infrequent. 

Comparing  measles  with  scarlet-fever,  it  is  at  once 
apparent  that  preventive  measures  are  less  likely  to 
be  successful  against  the  former.  Infection  begins  at 
least  three  days  before  the  characteristic  rash  appears, 
and  hence  isolation  is  not  adopted  at  a  sufficiently 
early  date  to  prevent  the  spread  of  the  disease,  so  far 
as  the  household  is  concerned.  The  long  incubation 
adds  to  the  difficulty  of  quarantine. 

Measles  is  still  allowed  to  run  its  epidemic 
course  practically  unchecked  by  any  serious  attempt 
at  isolation  or  disinfection,  and  it  is,  therefore,  not 
surprising  to  find  that  it  shows  no  signs  of  sharing 
in  the  reduction  of  mortality  which  is  so  con- 
spieuous  5n  respect  of  scarlet-fever,  enteric  fever, 
and  small-pox.  It  is  customary  to  close  schools 
dui.ing  nbeasles  epidemics,  and  there  is,  doubtless, 
groat  adv^intage  in  doing  so  in  rural  distiicts. 
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Whooping  cough,  or  pertussis,  has  been  recog- 
nised in  EuTopo  for  300  years,  and  has  practically  a 
world-wide  distribution,  although  it  appears  to  be 
on  the  whole  less  prevalent  and  leas  severe  in  hot 
countries.  In  London  its  average  prevalence  ia 
gi'eatest  in  March  and  Apiil,  least  in  September  and 
October,  but  the  seasonal  curve  of  mortality  varies 
greatly  in  different  parts  of  Europe,  and  the  New 
York  curve  has  a  second  and  greater  maximum  in 
September, 

By  far  the  greatest  mortality  occurs  in  the  first 
year  of  life.  Of  the  whole  number  of  deaths  from 
pertussis,  over  40  per  cent,  occur  in  the  first  year, 
nearly  75  per  cent,  under  two  years  of  age,  and  96 
per  cent,  under  five  years.  At  every  age  the  mortality 
among  females  ia  greater  than  among  males.  There 
are  no  statistics  sufficient  to  show  the  actual  or  rela- 
tive incidence  of  attacks  at  diiTerent  ages,  hut  the  vast 
majority  occur  in  children,  although  age  oonfei'a  no 
complete  exemption.  Concurrent  epidemics  of  measles 
and  whooping  cough  are  frequent.  Like  measles, 
■whooping  cough  is  a  typically  epidemic  disease,  and 
recurs  at  short  but  irregular  intervals  (usually  two 
or  three  years)  in  outbreaks  that  affect  a  very  large 
proportion  of  susceptible  persons.  The  case  moi-ta)ity 
is  usually  small,  and  probably  seldom  exceeds  5  per 
cent.  The  deaths  are  almost  always  due  to  bron- 
chitis, pneumonia,  convulsions,  or  other  complications. 
Measles  and  whooping  cough  together  are,  as  a  rule, 
responsible  for  more  deaths  of  children  than  all  the 
other  infectious  diseases  put  together. 

Whooping  cough  has  not  been  shown  to  be  trans- 
miaaible  by  watoi",  milk,  or  other  food,  or  to  affect 
lower  animals,  or  to  bave  any  relation  with  telluric 
conditions.  Xt  is  readily  conveyed  by  fomites.  Faulty 
hygienic  conditions  —  especially  ove'CMO'«iATi%  a-"^*- 
expoaiiiv — iucriiase  the  danger  to  Vv^e,  \)vA.  V^act&'i-*  ''"* 
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proof  that  they  increase  susceptibility.  The  specific 
niicix>be  has  not  been  isolated,  nor  is  the  disease  known 
to  be  inoculable 

Whooping  congh  is,  in  all  probability,  always 
acquired  by  inhalation  of  the  virus.  The  incubation 
period  appears  to  be  about  a  fortnight,  but  can  rarely 
be  fixed  definitely  owing  to  the  very  giadual  onset  of 
characteristic  symptoms.  Squire  believed  it  to  be  leas 
than  a  week.  After  a  week  or  more  of  apparently 
ordinarv  nasal  and  bronchial  catarrh,  the  charao- 
teristic  paroxysmal  cough  sets  in,  and  continues  for  a 
very  variable  period,  which  is  rarely  less  than  two 
weeks  and  may  exceed  two  months. 

Whooping  cough  is  certainly  infectious  in  the 
preliminary  catarrhal  stage,  and  possibly  even  earlier 
than  this.  Isolation  ought  to  be  maintained  until  at 
least  a  week  after  the  spasmodic  cough  has  entirely 
disappeared.  The  infection  is  given  off  in  the  breath 
and  sputa.     Second  attacks  are  very  rare. 

What  has  been  said  as  to  the  prevention  of  measles 
applies  in  all  respects  to  whooping  cough,  and  with 
even  greater  force.  Owing  to  the  absence  of  rash, 
and  the  insidious  onset  of  symptoms,  the  disease  ii 
rarely  detected  until  many  days  after  it  has  reached 
the  infectious  stage. 

Mumps  (parolitis)  occurs  in  all  parts  of  the  world  in 
brief  but  often  intense  epidemics  which  cause  little  or  no 
mortality.  Cold  and  wet  weather  is  the  most  favouxable^  and 
outbreaks  usually  occur  in  the  winter  and  spring,  often  in 
concurrence  with  epidemics  of  measles,  or  sometimeB  Boariefc- 
fever.  Mumps  usually  disappears  entirely  from  a  district  at  tiM 
end  of  the  outbreak,  and  there  is  no  appearance  of  periodidtr 
in  its  return,  which  may  be  delayed  for  many  years. 

Nothing  is  known  of  its  etiology  beyond  its  extreme  ifr 
fectiouHiioss  by  means  of  the  breath.  Second  attacks  are  Tocy 
lare.  The  characteristic  symptoms,  including  swelling  of  the 
parotid  and  sub-maxillary  glands,  i<ct  in  after  an  incubation  o^ 
about  three  weeks  (often  19  days),  and  the  disease  runs  iti 
course  in  about  a  fortnight  more.     Three  weeks  is  sufficient  lor 
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JBolation,  anr!  four 
him  been  eiposed  t< 

Rothein,  epidemic  roeeola,  or  German  measles, 
occasiouallj  becomes  epidemic  among  childrea,  but 
causes  very  slight  mortality.  An  outbreat  in  the  New- 
Forest  in  188U  was,  however,  said  to  have  been  at- 
tended with  a  case  mortality  of  3  per  cent.  After 
a  latent  period,  often  about  21^  weeks  in  length,  slight 
general  symptoms  manifest  themselves  and  are 
followed  immediately,  or  in  a  day  or  two,  by  an 
eruption  of  red,  aiightly  elevated  spots,  variable  in 
size  and  often  confluent.  They  appear  first  on  the 
face  and  fore-arms,  increase  and  become  more  or  Jess 
general  in  one  or  two  days,  and  disappear  before  the 
end  of  a  week.  The  symptoms  have  some  resemhlance 
to  those  of  scarlet-fever  and  measles,  especially  the 
latter.  It  is,  however,  aji  entirely  distinct  and  in- 
dependent disease,  and  not  a  "  hybrid,"  as  is  popularly 
supposed.  The  disease  ia  infectious,  but  never  very 
actively  so,  and  isolation  for  a  fortnight  is  sufficient. 
Infection  is  probably  given  off  by  the  breath,  and 
acquired  by  inhalation.  Second  attacks  do  not 
appear  to  be  common.  Quarantine  should  extend  to 
23  days. 

Scnrlot-fever,  or  scarlatina,  has  been  recognised 
in  Europe  for  at  least  550  years,  and  in  England 
upwards  of  300  years.  It  was  long  confounded  with 
measles,  and  only  in  the  nineteenth  century  was  it 
definitely  distinguished  from  diphtheria.  It  is  most 
widely  diffused  in  Northern  and  Western  Europe,  and 
in  North  America,  but  has  failed  to  establish  itself 
firmly  in  Africa  or  any  part  of  Asia,  except  Asia 
Minor.  Temperate  and  somewhat  humid  climates 
seem  to  be  most  favourable  to  it,  but  the  evidence  upon 
this  point  is  conflicting.  In  England  it  is  more  preva- 
lent in  ui'ban  than  in  rural  areas,  mining  districts  and 
^bveral  of  the  large  manufacturing  towns  being  moat 


356        Hygiene  and  Public  Health,    [Chap.xiv. 

affected  of  all.  It  is  probable  that  the  explanation  %A 
this  is  to  be  found  in  the  greater  facilities  for  receiving 
and  transmitting  infection  from  person  to  person. 
Scarlet-fever  has  a  well-marked  relation  to  season. 
In  England  the  mortality  is  at  its  minimum  in  March 
and  April,  and  rises  to  a  maximum  in  October,  subject 
to  irregularities  if  only  small  numbers  or  short  periods 
are  taken.  In  New  York,  however,  the  curve  is 
almost  reversed,  the  minimum  being  in  September 
and  the  maximum  in  ApriL  The  number  of  attacks 
varies  according  to  season  in  the  same  way  as  the  mor- 
tality, but  the  seasonal  range  is  greater  in  the  attack 
curve;  apparently  the  attacks  in  spring  are,  on  the  aver- 
age, more  severe,  though  fewer,  than  those  in  autumn. 

As  to  the  meteorological  conditions  favourable  to 
the  spread  of  scarlet-fever,  there  is  wide  divergence  of 
opinion.  The  rise  and  fall  of  scarlet-fever  epidemics 
often  cover  a  period  of  years,  and  the  mortality  in  any 
particular  week  or  month  must  not  be  regarded  as 
determined  solely,  or  even  principally,  by  the  meteor- 
ology of  that  brief  season.  It  seems  probable  that 
the  tendency  to  spread  is  increased  by  atmospheric 
humidity  and  absence  of  wind,  but  checked  by  heavy 
rainfall. 

Age!^ — Children  under  one  year  of  age,  and 
especially  under  three  months,  are  comparatively 
rarely  attacked,  but  the  incidence  rapidly  increases  and 
reaches  its  maximum  in  the  fifth  year  of  life.  After 
that  period  it  declines  steadily  year  by  year.  About 
45  per  cent,  of  the  attacks  occur  at  ages  under  five 
yeai's,  40  per  cent,  between  five  and  ten  years,  and 
11    per  cent,    between  ten   and    fifteen   years.     The 

*  The  number  of  deaths  from  scarlet-fever  increases  from  birth  to  a 

in:i\innun  in  the  third  year  of  life,  awl  steadily  declines  afterwards.     90 

/ler  cent,  of  the  deaths  occur  at  ages  under  ten  years,  and  65  per  cent. 

iuulf*r  five  years.     Further  detaUa  >n\U  V>o  fuuud  in  a  piper  on  **  Age,  Sex, 

niul  .Season  in  relation  to  8caT\e\.  Yvivvix"'   ux   >Cti^   TTa^v&atUow,^  o/  the 

/ipidemiological  Society  for  18ST-S. 
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average  severity  of  attack,  measured  by  the  proportion 
o£  fatal  cases,  ia  gi-eatest  iu  mfincy  or  in  the  secoiiil 
year,  and  diminishes  as  age  1  crease?  bi  t  there  is  an 
appai-ent  increase  in  tlie  seventy  of  the  (very  few) 
cafes  that  occvir  in  adults  after  the  15th  or  SOtli 
year.  The  leaaened  liability  with  ncreasing  age  is 
greater  than  can  be  accounted  foi  either  by  protection 
afforded  by  previous  attacks  or  by  1  mmished  expo- 
sure to  infection. 

There  is,  therefore,  a  doublb  ^am  in  sliieldi 
child  from  infection  during  the  hrst  few  jears  of  hij 
life.  Every  year  of  escape  after  the  fifth  leaves  him 
less  and  less  susceptible,  until  finally  he  becomes  al- 
most immune ;  and  secondly,  if  he  should  be  attacked, 
every  year  that  the  attack  is  delayed  reduces  tht 
danger  to  life,  and  also  the  risk  of  formidable  compli- 
cations that  may  become  chronic  and  disabling  1 
if  not  immediately  fatal. 

Females  are  upon  the  whole  more  liable  than 
mules,  but  the  attacks  are  somewhat  less  fatal,  and 
hence  up  to  ten  years  of  age  the  mortality  is  highe 
among  males  than  among  females.  At  ages  above  ten 
the  female  deaths  exceed  the  male,  owing,  no  doubt, 
to  the  greater  frequency  of  attack  among  women  who 
have  the  charge  of  children. 

Scarlet-fever  ia   for  the   most   pait  an   opidemic 

letimes  it  will  disappear  entirely  for  years,  Or  "  sporadic  ' 

•a  may  occur  with<mt  miy  serious  geneml  prevalent  e.     li 

n  manufatturiog  towns,  on  the  cuntiBry,  it  may  lie  sitid 

endemic,  although  subjei^  to  Ireqnent  epidemic  outbutstn. 

Qravea  noted  that  scurlet-ferern'as  prevalent  and  malignant 

1  Dublin  from   lEDl   to   ISOl;   dnnng   Ibe   next  27   years 

jjdemics  recurred  at  intervals,  but  lie  type  was  alwavs  mild 

'   And  the  molality  slight;  in  1S34  the  disatiFe  rovurte'd  once 

more  to  the  old  imiligDant  form,  but  in  the  Inst  two  decemiia 

of  the  century  it  again  became  mild.     Several  iDstancea  are  or 

record  in  which  iha  type  bus  suddenly  changed   dnna%  « 

epidemic  from  mild  to  severo,  01  K\tt  rtian.    Aiv  auvivc     '* 

iha  cnse  mortnlily  is  ag  low  as  3  \ier  timt.,  or  eseu. 
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in  others  [it  may  reach  30  per  cent.  As  a  rule  the  cases  are 
more  severe  during:  the  early  part  of  an  epidemic,  and  among 
children  more  fatal  in  town  than  in  country,  and  more  fatal  to 
boys  than  girls. 

No  adequate  explanation  has  been  offered  of  the  causes  tiiai 
determine  the  rise  and  fall  of  scarlet-fever  epidemics,  and  still 
less  of  the  causes  of  the  variations  in  type.  Season  al  changes, 
especially  meteorological,  doubtless  have  an  influence,  but  this 
is  superadded  upon  the  true  epidemic  wave.  During  the  inter- 
epidemic  intervals  the  proportion  of  susceptible  persons  in- 
creases, but  as  regards  ages  above  five  years  the  delay  lessens 
the  susceptibility,  and  it  does  not  appear  that  the  intensity  of 
the  outbreak  bears  any  relation  to  the  length  of  the  previous 
interval. 

The  pathogenic  microbe  of  scarlet-fever,  according 
to  Klein  and  Gordon,  is  a  streptococcus  (streptococctu 
scarlatince  or  conglomeratus),  which  they  have  isolated 
from  the  blood  and  nasal  and  tonsillar  discharge  of 
persons  suffering  from  the  disease.  These  observers 
have  grown  this  streptococcus  in  broth,  gelatine,  agar, 
milk,  and  blood  serum,  in  several  of  which  media  it 
gives  a  characteristic  culture.  It  is  pathogenic  for 
mice  and  rabbits.  Gordon  believes  that  both  S.  pyogenes 
and  S.  scarlatince  play  a  part  in  the  causation  of 
scarlet-fever,  but  that  aS^.  scarlatince  is  the  more  im- 
portant of  the  two,  and  occupies  a  position  in  the 
bactoiiological  kingdom  between  aS'.  pyogenes  and 
B.  dijjJitherice.  Baginsky,  Sommerfeld,  and  Class 
have  also  isolated  streptococci  which  they  believe  to 
be  the  cause  of  scarlet-fever.  They  are  probably  forms 
of  S.  scarlatince,  Klein  further  believes  that  the 
same  organism  was  found  in  cows  suffering  from 
the  Hendon  disease,  also  in  a  sample  of  condensed 
milk  that  apparently  caused  an  outbreak  of  scarlet- 
fever,  and  in  the  blood  of  a  monkey  that,  during 
an  epidemic  of  scai-let-fever  at  Wimbledon,  presented 
symptoms  of  the  disease.  It  is  found  in  the  throat 
secretions  of  patients  in  tVve  o^cwte  stage,  but  not 
in  the  desquamated  cwticVe  or  \)tYei  wmi^^  q>x  \xv  Ni5a& 
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ear  liiacharge  which  occasionally  affects  convaleacents. 
It  lias,  however,  been  discovered  in  the  nasal  dis- 
charges of  advanced  convalescents,  and  in  the  throat 
secretionB  long  after  apparently  complete  recovery. 
This  persistence  may  afford  an  explanation  of  the 
obscure  "  return  cases  "  of  scarlet-fever.  It  should  not, 
however,  be  forgotten  that  a  atreptococcua  occurs  in 
the  Baliva  of  healthy  persons  {Gordon). 

The  period  of  incubation  is  usually  three  or  four 
days,  but  it  would  appear  that  in  exceptional  cases 
it  may  be  less  than  twenty-four  hours,  or  as  long  as 
aeven  days.  Some  authorities  believe  the  usual  incu- 
bation period  to  be  mnch  longer,  bnt  Tonge-Smith's 
exact  observations  iipon  cases  which,  owing  to  error 
in  diagnosis,  were  exposed  to  infection  during  transit 
to  hospital  in  an  ambulance,  afford  strong  proof  of 
the  accuracy  of  the  estimate  given  above. 

The  onset  in  well-marked  cases  is  sudden,  with 
vomiting,  rigors,  headache,  pyrexia,  and  sore  throat 
&B  prominent  symptoQis.  The  rash  follows  in  about 
24  honra.  It  is  at  first  punctiform,  but  becomes 
diffuse.  It  is  usually  seen  first  about  the  neck  and 
chest,  but  may  spread  over  the  whole  body.  The 
face  remains  clear  of  rash  though  it  niay  be  flushed, 
leaving  a  pale  area  around  the  mouth.  The 
rash  occurs  moat  markedly  on  points  of  pressure  and 
at  flexures.  It  increases  for  one  or  two  days  and  begins 
to  decline  in  two  or  three  days  inore.  Desquamation 
begins  as  soon  an  the  rash  disappears,  the  chest  being 
the  first  and  the  hands  and  feet  the  last  parts  to  clear. 
True  relapses  occur  in  one  or  two  per  cent,  of  the 
cases,  usually  about  a  mouth  after  the  onset 

Infection  is  given  off  from  the  first  onset 
and  for  a  period  that  is  seldom  less  than  five 
weeks,  and  not  unfrequentiy  exceeds  two  months.  It 
has   been   the  practice  to  i8o\ate  wntA  ft\fct^  ^tssKJs 

desquamRtion    has   disappeared    iio«i    ^^    ^ssA, 
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Gresswell  raised  an  important  question  in  regard  to  those 
persons  who  have  suffered  from  diphtheria  in  f ormor  years,  and 
in  whom  acute  inflammation  of  the  tonsils  is  set  up  by  change 
of  weather  or  trifling  exposure.  He  observed  that  among 
those  associated  with  them  at  such  times,  diphtheria  is  apt  to 
occur  without  discoverable  cause;  and  suggested  that  the 
chronic  morbid  condition  may  really  be  a  latent  form  of 
diphtheria,  the  occasional  recrudescence  of  which  becomes  the 
starting-point  for  the  spread  of  infection. 

Slight  cases,  in  which  the  symptoms  are  scarcely  reoognib- 
able,  are  extremely  difficult  of  diagnosis.  During  prevalence 
of  diphtheria  any  sore  throat  should  be  regarded  with 
suspicion,  even  if  no  membrane  is  visible  and  the  constita- 
tional  symptoms  are  wanting.  There  is  no  necessary  relation 
between  the  severity  of  attack  in  two  cases  of  which  one  is 
infected  from  the  other;  the  slightest  case  may  impart  fatal 
infection.  In  doubtful  cases,  where  no  membrane  can  be 
found,  some  assistance  may  be  given  by  the  knowledge  of  the 
existence  of  other  cases  of  diphtheria,  and  paralytic  seqnelffi 
may  ultimately  clear  up  an  obscure  diagnosis.  The  breath 
and  sputa  are  infectious  from  the  first.  Clothing,  furniture, 
and  even  walls  and  floors,  may  retain  the  virus  tenaciously. 

Schools  aflford,  as  Power  observed  in  1876,  a 
favourable  ground  for  the  spread  of  diphtheria. 
There  children  at  the  most  susceptible  ages  are 
brought  together  for  some  hours  daily  in  close 
contact,  often  in  a  moist  and  impure  atmosphere, 
with  scanty  ventilation;  not  unfrequently  such 
children  use  the  same  ai-ticles,  towels,  slates,  pencils, 
etc.,  and  are  brought  into  intimate  contact  with  each 
other.  Shirley  Murphy  has  pointed  out  that  a 
marked  increase  in  the  number  of  cases  of  diphtheria 
in  children  of  school  age  followed  on  compulsory 
elementary  education,  and  that  corresponding  with 
school  holidays  there  is  a  temporary  reduction  in  the 
number  of  notified  diphtheria  attacks  at  school  ages. 
Nor  is  the  danger  limited  to  the  mere  spread  of 
infection,  for,  as  Thome  Thorne  showed,  a  pro- 
gressive development  o£  viYMlexic^SiXvd  infectiousness  is  I 
brought  about  by  the  aggreg^atVon  ol  ^\^\.  V^^-e*^^  \ 
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■  iVireoigaisable)  cases  among  susceptible  chiliiren  At 
Kficbool.  Many  instances  are  recorded),  especially  in  dis- 
I  tricbi  where  tLi-oat  affections  are  more  or  less  endemic, 
coDuuencing  with  the  appearance  of  coses  of  sore  throat, 
foUowed  presently  by  cases  of  diphtheria,  which  increaao 
in  numbers  and  severity.  The  epidemic  is  usually 
arrested  by  closure  of  the  school,  often  only  to  break 
out  again,  with  renewed  rirulence,  as  soon  as  the 
school  is  reopened. 

Among  pi-eventive  measures,  the  first  are  isolation 
and  disinfection..  Doubtful  cases  should  be  secluded 
and  no  children  from  infected  households  should  be 
allowed  to  attend  Bchool.  Supervision  of 'contacts' 
should  be  kept  for  a  fortnight,  and  if  necessary  pro- 
phylactic inoculation  of  antitosin  should  be  undei^ 
taken  (500  units),  Closure  of  schools  is  advisable  if 
many  cases  have  occurred  among  the  scholars,  or  tf 
diphtheria  is  prevalent  ia  the  district,  and  especially  if 
the  school  is  the  means  of  bringing  children  from 
infected  vill^ea  into  contact  with  others.  Milk 
supplies  that  are  found  to  be  implicated  in  the  spread 
of  infection  must  be  stopped  at  once,  and  most  rigid 
precautions  should  be  taken  in  regard  to  households 
connected  with  the  milk  trade.  lastly,  insanitary 
conditions  should  be  sought  for  and  remedied. 

Baat&riology.  —  It  is  now  generally  he]d  that 
diphtheria  is  caused  by  a  bacillus  disco^'ered  by 
Klebs  in  1883  and  isolated  by  Liiffler  in  the  following 
year.  It  ia  a  slender  rod,  straight  or  slightly  curved, 
and  balded;  there  are  also  irregular  and  club-shaped 
forms.  It  differs  in  size  according  to  its  culture 
medium,  but  ia  generally  3  or  4  /i  in  length.  Cobliett 
and  GrEiham-Smith  recognise  five  morphological  types 
of  diphtheria  bacUli  on  young  serum  cultures: — 
(1)  Oval  bacilli,  with  an  unstained  septum  ;  (2)  lom^, 
faintly-stained,  irregularly-beaded  ViacWVi  -,  l^^"^  \am4> 
regularly-headed      bacilli — "  fitre|itQCDCCD.\"      ioT-wv-*  ", 
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(4)  segmented  bacilli;  and  (5)  unifonnly-fitaiiiad 
bacilli  All  these  forms  are  longer  than  the  peendi^ 
diphtheria  bacilli,  more  curved,  and  generally  vith 
clubbed  ends.  In  l^e  membrane  whi(£  is  its  strictly- 
local  habitat  in  the  body — ^indeed,  with  the  ezoeptiott 
of  the  secretions  of  the  pharynx  and  larynx,  and 
occasionally  in  lymph-gkmds  and  the  spleen,  tba 
bacillus  is  found  practically  nowhere  else  in  the  body 
— it  sometimes  f^ows  parallel  grouping,  lies  on  the 
surface  of  the  exudation,  and  is  separated  from  the 
mucous  membrane  by  the  fibrin.  The  baoillQa 
possesses  at  least  four  n^;ative  characters :  it  has 
no  spores,  and  no  power  of  motility;  it  does  not 
liquefy  gelatine,  nor  does  it  produce  gas  in  oultuns. 
It  is  stconed  with  Loffler's  methylene  blue,  and  shows 
metachromatic  granules  and  polar  staining.  Its 
fEtvourable  temperature  is  blood-heat^  though  it  will 
grow  at  room  temperature.  It  is  aerobic.  Ldffler^s 
medium  is  made  by  mixing  three  parts  of  ox-blood 
serum  with  one  part  of  broth  containing  1  per  dent, 
of  glucose,  1  per  cent,  of  peptone,  and  \  per  cent,  of 
common  salt;  the  whole  is  coagulated.  Upon  this 
medium  the  Klebs-Loffler  bacillus  grows  rapidly 
in  18-20  hours,  producing  scattered  round,  white 
colonies,  becoming  yellowisL  The  bacillus  grows 
well  in  broth,  but  without  producing  either  a  pellicle 
or  turbidity;  it  can  grow  on  the  ordinary  media, 
though  its  growth  on  potato  is  not  readily  visible  ;  on 
the  white  of  ^gg  it  flourishes  extremely  well.  In  a 
moist  condition,  apart  from  the  body,  the  bacillus  has 
a  low  degree  of  resistance,  but  when  dry  can  survive 
for  long  periods.  The  bacillus  is  secured  from  the 
throat  by  examination  of  a  piece  of  the  membrane  or 
by  a  swab.  Three  examinations  should  be  made 
before  concluding  that  the  throat  is  clear.  About 
20  per  cent  of  all  cases  of  di^^htherla  ofler  no  bao- 
terlologic&l  evidence  of  iniectVotv.    TVv^  \^^^>\%  xsmh 
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exist  in  the  throat  of  infected  persons  for  long  periods, 
even  several  months,  causing  such  persona,  though 
apparently  healthy,  to  be  infectious.  It  may  also  be 
present  in  the  throats  of  persons  who  have  not 
suffered  from  the  disease — "  carriers  " — and  this  fact 
doubtlesB  furnishes  the  explanation  of  some  sporadic 

)a  and  obscure  outbreaks. 

A  paeudo-diphtheria  bacillus  described   by  Hof- 

m  has  somewhat  similar  cliaracters  to  the  true 
Klebs-Li^ifler  bacillus,  and  is  frequently  found  in 
healthy  throats,  especially  in  children  of  the  poorer 
classes.  It  differs  from  the  true  diphtheria  bacillus 
in  the  following  ways  :  (a)  it  is  thicker  in  the  middle 
than  at  the  poles;  (6)  forms  no  acid  in  glucose  culture 
media;  (e)  does  not  give  Keisser's  reaction;  {i^)  differs 
in  artificial  culture ;  (e)  does  not  agglutinate  like 
B.  diphtherifB,  and  (/)  possesses  no  pathogenic  action. 
It  is  probably  innocuous,  hut  in  practice  it  is  the 
safest  course  to  look  with  suspicion  upon  any  throat 
harbouring  pseudo-diphtheria  bacilli.* 

Antitoxin  treatment  of  diphtheria. — Diphtheria 
antitoxin  is  prepared  by  taking  a  month-old  culture 
of  the  Klebs-Lofflei'  bacillus.  This  is  filtered  and 
the  toidn  inoculated  into  the  horse  in  gradually 
increasing  doses   until  a  large  degree    of    ajjquiied 

•  There  am  t  nmntier  of  other  T«cLllf  from  nhlch  tLe  true  liipbtberin 
iBcillusmnBtbedtltsrGnUited.  These  Include  the  B.  arryiie  irgmralaaii, 
B.  UTMig.mnd  s  nuinlwr  Df  "dliibtheioid"  bacilli,  and  Drgaaunia  IroTU 
nasal  and  aurot  dlBCharse.    There  are,  as  BummarlBed  by  OonloD,  five 

la)  The  niacroacoulc  and  micioBaopIc  sppeaiaAce  of  the  gK)wt]i  od  blood 
aeram  ;  (M  the  beUvlour  of  the  baidllus  lo  LilBor'a  bine,  Gratn-s  al*lq, 
and  NeissaVa  aUlii  (or  granule!! ;  (c)  the  rfaotlon  to  lilm™  of  i  culture  in 
■tkallue  broth,  coatalnllig  E  p«r  cent,  of  dextioae  afler43  hours  at  97°  C. : 

!fj)  tlio  iPStbogBnic  le=t— 1  to.  of  broth  culture,  48  hours'  growth  at  ST° 
;.,  Iljeoted  BubcutaoonBly  lulu  SOO-SOO  grimmo  gulnca-pl|r,  pioducea 
death  generally  in  IS  honis,  Khilit  jnut-morlem  bBraorrhn^c  neoroiis  and 
(edema  aro  lound  luuaUj',  the  inl«miil  organs  are  cooeeited,  Ibe  pleuraJ, 
peiicariial,  and  peiltoneal  Buidi  are  Increased,  and  ilie  aupiarenal 
capsnle^  are  enlarge t  and  ango^d  with  brood;  («J  tho 'vlml^nrri  nf  tba 
orgaolnoi  or  lis  toilo  la  o^mplstely  ueuti-alisei by  ~  ~'~ 
diphtheria  antJtoiln,  Far  purposes  of  rapl4  a\[ 
niially  accBpled. 
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tolerance  has  been  produced.  After  injecting,  say, 
500  c.c.  without  ill-etfect,  and  the  horse  having  rested 
for  a  few  days,  blood  is  drawn  from  the  jugular  vein 
into  sterilised  flasks,  in  which  it  coagulates.  The 
separated  serum,  which  averages  about  half  the  total 
blood  drawn,  is  Altered,  and  tested  as  to  strength  of 
antitoxin  value,  or  as  it  is  termed,  *' standardised," 
by  observation  of  its  power  of  immunising  a  guinea- 
pig  of  certain  weight  against  a  minimum  lethal  dose 
of  toxin.  It  is  now  ready  for  therapeutic  use,  and 
the  patient  is  injected  subcutaneously  between  the 
crest  of  the  ilium  and  the  last  rib.  Strict  asepsis 
must  be  observed,  and  the  dose  should  be  as  large  as 
practicable  (2,000-5,000  units).  Antitoxin  is  now 
very  widely  used  in  the  treatment  of  diphtheria,  and 
is  increasingly  used  as  a  prophylactic  in  " contact'* 
persons  (300-500  units). 

The  following  summary  of  the  Antitoxin  treatment  of 
all  forms  of  diphtheria  at  the  hospitals  of  the  Metropolitan 
Asylums  Board,  1895-1903,  compared  with  the  results  obtained 
before  the  adoption  of  that  treatment,  affords  striking  evidence 
of  the  efficacy  of  diphtheria  antitoxin : — 


1890-3  (before  antitoxin) 
1894  (antitoxin  occasion- 
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■    I     Its    valne    is    particularly    noticen'ble    among    children. 

K  Amongst  cases  in  the  lirat  year  of  life  the  rate  ha^  fallen  from 
61-8  k>  378 ;  m  the  Becjond  year  from  G3-I  to  35'4  ;  in  the 
third  year  from  o;il  to  264  ;  in  the  fourth  yeur  fruin  483  to 
22-B:  and  in  the  fifth  yearfroni  39-6  to  20-7. 

At  the  Brook  Hospital,  MaoCombie  haa  kept  recocda  ahow- 
iog  the  results  of  the  aDtitoxin  treatment,  with  special  reference 
to  fhe  day  of  the  diseaao  tn  which  treatment  tegan  in  order  to 
illustrate  the  effect  of  early  admijiiBtratioQ : — 


f^»Mp.  XIV.1 
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It  IB  now  customary  to  discharge  diphtheria 
patients  from  hospital  only  after  two  consecutive 
bacteiiological  examinations  of  the  fauces  haye 
proved  negative.  In  the  hospitals  of  the  Metro- 
politan Asylums  Board  this  results  in  an  avei-age 
length  of  residence  in  hospital  of  50  daya. 

Croup  is  credited  with  an  annual  death. rale  of  hotwoen 
0-1  and  0-2  per  1,000  living-.  There  can  be  no  doubt  thiit  many 
deattu  from  diphtheria  and  laryngitis  huve  been  sttributed  to 
croup,  and  if,  as  some  autbotitiGS  still  maintain,  there  ia  a,  true 
"  cronp  " — that  is,  a  uon-lnfectioiu  membranous  hu-yn^ptis  due 
mainly  1«  wet  and  cold,  and  not  followed  by  paralysis — it  is  uf 
less  frequent  occurrence  than  the  death  returns  would  imply. 
The  death-rate  from  croup  is  declining,  and  the  decline  is  pro- 
bably due  to  improved  disgnosis.  Outbreaks  of  diphtheria  aie 
commonly  attended  with  cases  of  so-called  "croiip,"  which 
upon  investigation  prove  to  be  diphtheritic. 

The  seasonal  curve  of  deaths  attributed  rightly  or  wrongly 
to  croup  has  its  mBximnm  in  the  cold  months  fromDeceoiberfi 
Uatch,    It  is  much  lat«r  than  that  ol  di^j^'ibeitu^  kq^  b:^\c£k.- 
I   laalefiaorB  closely  to  the  InryiigitiB  tutie.    l.ti^ti.eSiwS.-t&iM.^^a' 
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as  regards  age  and  sex  a  further  difference  from  diphtheria  is 
noticeable.  Croup  is  more  fatal  to  males  than  females  upon 
the  whole,  the  mortality  among  females  being  lower  up  to 
fifteen  years  of  age.  The  highest  mortality  in  both  sexes 
occurs  in  the  second  year  of  life.  In  all  these  respects  "  croup  " 
is  allied  to  laryngitis  rather  than  diphtheiia. 

Erysipelas  occurs  in  all  parts  of  the  world,  but  more 
in  temperate  regions  than  elsewhere  {Hiraeh).  In  North. 
America  it  has  repeatedly  taken  the  form  of  widespread  and 
malignant  epidemics,  and  in  England  and  elsewhere  virulent 
outbreaks  often  originated  in  former  years  in  hospitals, 
especially  in  surgical  wards,  where  cleanliness,  ventilation,  air- 
space, drainage,  and  other  sanitary  essentials  were  neglected. 
At  the  present  time  outbreaks  of  this  kind  are  rare,  and 
erysipelas  is  chiefly  met  with  in  sporadic  form.  In  its  t^ea8onal 
curve,  and  also  in  its  local  attachments  and  periods  of  recur- 
rence, it  is  closely  allied  with  scarlet-fever  and  diphtheria,  and 
still  more  closely  with  puerperal  fever.  It  attacks  males  m6re 
than  femnles,  and  kills  more  in  early  infancy  than  at  any  other 
period  of  life,  although  the  mortality  increases  again  after 
twenty-five  years  of  age.  After  inoculation  the  incubation  is 
usually  from  one  to  three  days.  It  is  not  certain  whether  the 
disease  is  ever  acquired  except  through  some  breach  of  con- 
tinuity of  skin  or  mucous  membrane,  but  the  occurrence  of 
so-called  "  idiopathic  "  ( no n- traumatic)  erysipelas  points  to 
this.  The  pathogenic  microbe  is  a  streptococcus,  readily  culti- 
vated, and  reproducing  the  disease  upon  subsequent  inoculation. 

Relapsing^  fever,  "famine  fever,"  or  "bilious 
typhoid,"  was  first  recognised  clearly  in  Ireland  in  the 
eighteenth  century,  and  still  has  its  principal  focus 
tliere,  although  epidemics  are  not  unfrequent  in  Scot- 
land, and  have  occurred  in  England,  Northern  Europe, 
the  Levant,  India,  and  several  eastern  countries. 
It  occurs  often  in  conjunction  with  typhus  and  is 
apparently  closely  related  to  it  in  etiology.  Epidemics 
of  the  two  diseases  frequently  coincide,  or  one  follows 
the  other  closely,  or  sporadic  cases  of  the  one  are 
observed  during  prevalence  of  the  other.  Neither 
climate  nor  weather  has  been  found  to  influence  it  in 
any  mavked  degree,  nor  Icias  it  vm.^  ^^^^x^Td*  relation 
to  soil      Overcrowding  and  wan\,  oi  ioo^  «c^  ^w^^-s^sSs. 
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predisposing  cauaea,  especially  the  latter,  which  Mur- 
cbifion  thought  was  capable  of  originating  the  diseaae, 
but  many  epidemics  have  occurred  without  noteworthy 
privation.  The  wealthier  classes  are  almost  exempt, 
and  females  are  leas  susceptible  than  males.  Under 
favourable  conditions  it  appears  in  districts  that  have 
.\o:ig  been  free  from  it,  and  in  many  such  cases  no 
history  of  imported  infection  can  be  made  out,  but 
nevertheless  the  theory  of  spontaneous  origin  cannot 


The  disBase  is  highly  infectious,  but  appears  to  be 
tpablo  of  transport  through  the  air  for  short  distances 
,ly,  though  it  readily  attaches  itself  to  fomitea.  A 
_  ecific  spirOlum  was  discovered  by  Oberraeier  in  the 
blood  of  patients  during  the  febrile  stage  only,  and 
inoculation  with  blood  containing  spirilla  has  been 
found  to  reproduce  the  disease  in  men  and  monkeya. 
It  is  possible  that  there  ia  some  relation  between 
Obermeier's  apirillum  and  the  trypanosomes  recently 
found  in  relapsing  fever.  The  protection  afibrded  by 
an  attack  is  slight.  Only  about  5  per  cent,  of  the 
cases  terminate  fatally,  but  convalescence  is  slow. 

Typlins  has  only  comparatively  recently  been 
distinguished  from  enteric  fever,  but  the  two  diaeaaea 
are  widely  difl'erent  in  their  etiology  and  epidemiology. 

Typhus  HpiJemioa  have  Ijean  recocded  in  conBidecabJe  num- 
bers for  sereial  centuries  past,  more  espooiuLly  in  tirnus  of  var 
and  fnniine,  and  wora  common  in  thu  imvonlpenth  century  and 
np  to  1815.  The  only  great  epidemiu  in  Europe  since  that 
time  was  in  1816-T.  Ireland,  has  been  from  earliest  times  one 
of  the  chief  ceutrea  of  the  digease,  Husain  being  another. 
Although  for  tha  moat  part  limited  to  cold  and  lemperato 
climates,  typhus  is  by  no  means  unknown  in  many  hot 
conntries,  but  usually  nt  considerable  olevstian.  The  dilferent 
hnbits  of  life,  and  especially  the  abundant  ventilatioo,  which 
prevail  in  warm  countries  may  help  to  account  for  their  com- 
parative immunity,  but  sa  the  oScct  <A  ssason  remaias  tntaV.>A, 
there  ia  probably  some  furlhor  iivfluuiiCB  at  woi^;,  \a  lovwist 
(imes,  Bjuyeraies  of  (I'phuB  frequentlv  rwc\iel¥.o^\B.'Q4,  w^^"*" 
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ently  by  invasion  from  Ireland ;  but  for  many  years  past 
typhus  has  almost  entirely  disappeared  from  the  southern  and 
midland  towns  of  England,  although  still  occurring  in  the 
large  towns  of  the  north  and  of  Scotland,  especially  those  con- 
taining a  large  Irish  population.  The  last  general  epidemic  in 
Ireland  was  in  1862-4. 

Oases  of  typhus  are  most  numerous  in  winter  and  spring, 
and  in  warm  countries  epidemics  seldom  occur  at  any  other 
season.  In  countries  in  which  typhus  is  common,  however, 
the  origin  and  course  of  epidemics  are  not  checked  by  either 
extreme  of  temperature. 

Telluric  conditions  are  not  known  to  have  any  influence. 

The  great  predisposing  causes  of  typhus  are  over- 
crowding, want  of  ventilation,  filth,  debility,  and 
privation.  Wars  and  famines  in  former  centuries 
were  frequently  followed  by  outbreaks  of  fever,  among 
which  typhus  was  prominent.  "  Gaol  fever  "  (typhus) 
was  common  in  English  prisons  up  to  the  last  century, 
owing  to  their  filthy  and  overcrowded  state.  Better 
ventilation  of  vessels  has  rendered  "ship  fever"  almost 
unknown,  but  accidental  repetition  of  the  old  condi- 
tions, even  in  recent  years,  has  led  to  fresh  outbreaks 
of  typhus.  Typhus  broke  out  among  the  British 
troops  in  the  Crimea  in  1854-5,  and  among  the  be- 
sieged in  Metz  in  1870.  In  Ireland  the  years  of 
famine  and  distress  have  been  attended  with  typhus. 

It  is  not  clear  that  any  race  or  class  is  especially 
susceptible,  or  the  reverse,  apart  from  the  conditions 
under  which  they  live  ;  but  for  the  reasons  already 
stated,  the  poorest  classes  suffer  by  far  the  most 
from  typhus. 

Age  and  sex. — The  mortality  from  typhus  increases 
from  childhood  to  about  fifty  years  of  age,  and  then 
declines  somewhat.  It  is  greater  among  males,  except, 
perhaps,  in  childhood.  Handford  finds  that  the  sus- 
ceptibility is  greatest  in  the  ten  to  fifteen  years'  B.^e- 
period,  but  that  the  case  mortaViVj ,  i.e.  the  proportion 
of  deaths  to  attacks,  is  at,  \ta  mm\m\xm  Ya.^\^^^TssA^ 
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and  rapidly  increaseB  at  latei'  ages.  Spear  has  called 
attention  to  the  mildness  of  the  symptoms  in  children, 
owing  to  which  the  initial  attacks  in  an  outbreak  are 
liable  to  escape  diagnosis. 

The  incubation  period  seems  to  be  very  variable, 
and,  according  to  Murchison,  may  b©  only  a  few 
hours  or  as  long  as  thi-ee  weeks  or  more.  It  has  been 
observed  to  be  short  in  certain  cases  after  exposui'e  to 
the  poison  in  a  concentrated  form.  Perhaps  twelve 
days  may  be  taken  as  the  most  usual  duration.  The 
rash  appears  within  a  week  after  the  onset,  and  as  a 
rule,  on  the  fourth  or  fifth  day.  The  disease  generally 
terminates  in  death  or  convalescence  about  the  end  of 
the  second  week,  and  isolation  may  bo  terminated  in 
ttin  days  or  a  fortnight  moi-e.  The  mortality  avei-agea 
about  30  per  cent,  but  varies  with  the  age,  condi- 
tion, and  surroundings  of  the  patient,  and  with  the 
epidemic. 

Infeotion  is  given  off  fay  the  breath,  probably  by 
the  exhalations  from  the  skin  and  mucous  mem- 
branes, and  possibly  by  the  excreta.  Some  have 
suggested  that  the  disease  is  spread  by  vermin, 
efipecialiy  fleaa.  According  to  Murchison,  the 
infectivity  is  more  active  after  the  Srat  week. 
The  air  immediately  surrounding  the  patient  ap- 
pears to  be  infectious,  but  its  virulence  is  rapidly 
lost  by  diffusion — a  result  that  may  be  attri- 
buted to  dilution,  or  desiccation.  The  poison  clings 
readily  and  strongly  to  clothing  and  other  foraitea, 
but  has  not  been  shown  to  be  conveyed  by  water,  or 
by  milk  or  other  food.  Doctors  and  nurses  in  typhus 
wards  rarely  escape  for  long  unless  protected  by  a 
previous  attack.     Second  attacks  are  rara 

Tophus  is  probably  acquired  by  inhalation  of  the 
poison,  whether  from  contact  with  the  patient,  breath- 
ing the  air  in  his  immediate  vicinity,  av\>'j  flw*  ^' 
rentioaoftowitea.   The  powerful preim      "      '    " 
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of  overcrowding  and  want  of  ventilation  may  be 
explained  by  the  facilities  which  they  give  for  infection 
and  for  concentration  of  the  poison,  as  well  as  their 
effect  in  rendering  the  individual  more  susceptible. 

No  pathogenic  microbe  is  yet  known,  but  it  may 
safely  be  inferred  from  analogy  that,  without  the 
presence  of  a  specific  poison,  no  intensity  of  the 
favouring  conditions  can  originate  an  outbreak  of 
typhus.  It  is,  nevertheless,  true  that  the  disease  often 
makes  its  appearance  suddenly  among  overcrowded 
and  filthy  communities — on  shipboard,  for  example-^ 
in  instances  where  no  previous  case  can  be  traced. 

Typhus  is  essentially  a  preventible  disease.  Isola- 
tion of  the  patient,  disinfection,  and  quarantine  of 
persons  exposed  to  infection  will  rarely  fail  to  arrest 
a  localised  outbreak.  Cleanliness  and  ventilation  are 
auxiliaries  of  the  first  importance. 

Enteric  or  typhoid  fever  was  differentiated  from 
typhus  in  1850  by  Jenner.  It  is  a  disease  of  practic- 
ally world-wide  distribution,  but  is  less  prevalent  in 
tropical  regions  than  elsewhere.  In  England  it  is 
decreasing  in  prevalence,  and  now  contributes  not 
more  than  O'l  to  the  average  general  death-rate. 
For  instance,  the  death-rate  from  this  disease  in  1904 
in  England  and  Wales  was  0*09,  which  shows  a 
marked  decline  on  previous  years.  In  1871-80  it 
was  0*32,  and  in  the  decade  following  0*19.  In 
London  in  the  decennial  period  1893-1902  it  was 
0*15. 

Season. — In  England  the  greatest  prevalence  oc- 
curs in  October,  and  the  minimum  in  May  or  Juna 
The  autumnal  maximum  is  very  general,  but  the 
exact  position  of  the  summit  of  the  curve  varies 
in  different  countries ;  in  New  York  it  occurs  in 
September. 

Weather. — High  oy  \ow  \.^m^^Ta,tv\ve  of  the  air  has 
in  itself  no   clear  re\at\oiv  \jQ  ^wX^yvc  y^^n^^sw^^^  \iSi\ 
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Jias  the  i-aiiifali,  but  itistancBS  are  recoviled  in  wliich 
liot  amt  dry  euuimers  were  followed  by  high  mortality 
'from  the  disease,  upon  the  occniTence  of  rain,  and  the 
tovBi-se  after  cold  and  wet  siimnnera.  It  is  probable, 
b  view  of  the  frequent  relatiotiB  between  telluric 
litenditionB  and  enteric  fever,  that  meteoroli^ical  con- 
tditiona  act  mainly  by  reodi^ing  the  temperature  and 
moisture  of  the  soil,  and  thut  rainfall  may  either 
Imcrease  or  diminish  the  chances  of  an  outbreak 
ifcecording  to  the  previous  condition  of  the  ground. 
L  .Soti— Pollution  of  the  earth  by  animal  matter, 
iespDcially  if  excrementitioiia  in  origin,  is  conducive  to 
tite  endemic  or  epidemic  prevalence  of  enteric  fever, 
ffettenkofer  and  Buhl  ha^e  traced  a  connection  be- 
tween the  movement*  of  tlie  ground  water  and  the 
©ocuri'eiice  of  enteiic  fever  sickness  and  mortality  in 
Munich,  which  has  been  confinned  by  further  ob- 
Hervation  in  Berlin  and  other  parts  of  Germany,  and 
elsewhere.  "  The  total  of  the  coses  of  sickness  and 
death  from  typhoid  falls  with  the  rise  of  the  subsoil 
water,  and  rises  with  the  fall  of  it ;  .  .  .  the  level 
reached  by  the  disease  is  not  in  pi-oportion,  however, 
to  the  then  level  of  the  subsoil  water,  but  only  to  the 
variation  in  it  on  each  occasion  ;  or,  in  other  words, 
it  is  not  the  high  or  low  level  of  the  subsoil  water  that 
is  decisive,  but  only  the  range  of  fluctnation  "  (Hirteh). 
This  relation  is  so  constant  as  to  leave  no  room  for 
doubt  as  to  its  reality  and  signiiicanoe  in  the  localities 
in  question,  but  it  does  not  appear  to  hold  good 
in  England,  and  Fodor  has  found  exactly  the  reverne 
in  Pesth.  In  many  places  where  enteric  fever 
occurs,  the  subsoil  water  ia  so  deep  and  its  movement 
so  trilling  that  there  is  little  probability  of  its  pro- 
ducing any  material  effect  In  Munich  the  soil  is 
porous,  the  ground-water  high,  and,  until  rec«iit\'^, 
leaking  cesapoois  are  said  to  have\ieetv  wnvju'rasi.  &»■*■ 
SucJmimn  hna  pointed  out,  tlw  \ravit3    wi  'Moi^e^   '"= 


37^        Hygiene  and  Public  Health,    [Chap.  xiv. 

wells  is  liable  to  be  affected  by  changes  in  the  level 
of  the  ground-water,  and  the  readiness  with  which 
enteric  fever  is  spread  by  means  of  specifically  polluted 
water  must  not  be  lost  sight  of. 

Air  does  not  appear  to  carry  the  poison  of  enteric 
fever  under  ordinary  conditions  even  for  the  shortest 
distances,  and  the  chances  of  infection  by  mere 
proximity  to  a  patient  are  slight,  though  occasionally 
instances  suggestive  of  this  are  met  with.  Infection 
from  the  sick  to  the  healthy  by  direct  or  indirect 
contact  is,  of  course,  one  of  the  commonest  means  of 
spreading  the  disease  ;  water  and  milk  being  others. 

Water, — While  water  polluted  even  with  excre- 
mental  filth  has  often  been  drunk  for  years  by 
numbers  of  people  with  perfect  impunity  so  far 
as  the  appearance  of  enteric  fever  is  concerned, 
contamination  with  the  excreta  of  a  case  of  enteric 
fever  has  over  and  over  again  been  found  to  result 
in  widespread  outbreaks  of  the  disease,  the  in- 
cidence of  which  in  such  instances  exactly  follows 
the  distribution  of  the  water,  and  affects  only  those 
persons  who  drink  it.  Such  outbreaks  rise  suddenly 
to  considerable  proportions,  but  decline  gradually. 
Corfield  collected  particulars  of  more  than  50  water- 
borne  epidemics  of  typhoid  between  1864  and  1902. 
Some  have  arisen  from  specific  pollution  of  shallow 
wells,  as  at  Guildford  in  1867,  in  the  Uxbridge 
Eural  District  in  1882,  at  Hitchin  in  1883,  at 
Beverley  in  1884,  etc. ;  others  from  the  pollution 
of  deep  wells.  Thus  an  outbreak  of  enteric  fever 
at  Redhill  and  Caterham  in  1879  was  traced  by 
Thorne  Thorne  to  pollution  of  one  of  the  well-adits  at 
the  Caterham  Waterworks  by  the  excreta  of  a  work- 
man suffering  from  a  mild  attack  of  enteric  fever, 
the  organic  impurity  of  the  water,  as  shown  by 
analysis,  being  extremely  small.  Another  case  of 
infection  of  a  deep  well  waaat  "Roxx^X^otA^-^Y^xxv^^ycl 
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Durham,  in  1889.  The  large  outbreak  at  Worthing 
in  1893  (1,315  cases)  was  due  to  the  consumption  of 
water  from  a  new  heading,  which  was  contaminated 
by  sowage.  The  water-bonie  poison  is  not  depen- 
dent upon  the  organic  matter  in  the  water,  but  upon 
the  specific  pollution,  which  need  not  necessarily  be 
large  in  quantity. 

Innumerable  other  instances  are  on  record  in 
which  direct  Hnd  obvious  excreta!  contamination  of 
wells,  springs,  streams,  cisterns,  reservoirs  or  water- 
maina  has  been  followed  by  enteric  outbreaks  upon  a 
large  or  small  scale,  according  to  the  number  of 
persons  drinking  the  water.  As  illustrationa  may  be 
mentioned  the  outbreaks  at  Cains  College,  Cambridge, 
in  1873,  at  King's  Lynn  and  Maidstone  in  1897, 
and  at  Lincoln  in  1905.  Buchanan  found  that  in 
the  case  of  Caiua  College,  the  water  in  the  main  at 
Tree  Court,  which  was  chietiy  affected,  was  con- 
taminated by  suction  into  it,  during  the  periods  of 
intermission  of  supply,  of  foul  air  from  a  soil  pipe, 
through  a  " weeping  pipe"  which  supplied  the  trap 
on  the  waste-pipe  of  the  safe-tray  of  a  water-closet, 
the  trap  being  liable  to  siphonage.  The  King's  Lynn 
outbreaks  (1893  and  1897)  were  traced  to  pollution 
of  the  sources  of  the  water  supply,  namely,  the  river 
Gaywood,  with  typhoid  excreta,  and  the  same  applies 
to  the  great  outbreak  at  Maidstone  (1,847  cases)  in 
1897,  which  was  believed  to  have  been  caused  by 
pollution  of  the  springs  by  excremental  matter  from 
a  colony  of  hop-pickers.  In  both  these  cases  the 
61tration  of  the  water  aa  delivered  was  inefficient. 
The  outbreak  at  Lincoln  in  1905  included  some  900 
cases,  and  commenced  towards  the  end  of  Januaiy, 
The  river  Witham  and  its  tributaries,  from  which 
the  supply  was  taken,  were  polluted  "by  drainage 
from  land  highly  cultivateA,  oni  o«a^&^OTlBSv■^ 
F^wmaiwd   witli    night    soil."     The    eaaewt    Vcckq.    •»■ 
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sewage  farm  discharged  into  the  river  above  the 
intake.  In  the  autumn  of  1904,  and  in  January, 
1905,  there  were  a  number  of  cases  of  enteric  fever 
in  Lincoln,  and,  therefore,  opportunity  for  the 
typhoid  virus  to  gain  access  to  the  water  supply, 
which,  owing  to  increased  acceleration  due  to  heavy 
demands,  was  not  effectually  filtered  in  the  filter-beds. 
The  result  was  a  water-borne  outbreak  of  enteric  fever, 
chiefly  affecting  households  which  did  not  boil 
their  drinking  water.  Many  confirmatory  observations 
have  been  made  of  places  in  which  enteric  fever,  once 
endemic,  has  become  rare  coincidently  with  the 
substitution  of  a  pure  for  an  impure  water  supply. 
Thus  at  Millbank  Prison,  artesian  well  water  was 
substituted  for  Thames  water  in  1854,  and  the 
previous  endemic  prevalence  of  enteric  fever  dis- 
appeared. 

In  several  of  the  cases  mentioned  above,  the  proof 
of  specific  pollution  was  incomplete,  and  it  has 
been  held  that  sewage-polluted  water  may  acquire 
the  property  of  causing  enteric  fever  in  those  who 
drink  it,  without  the  access  of  enteric  excreta.  Even 
in  country  districts,  where  the  movements,  identity,  and 
health  of  every  person  coming  into  the  locality  are 
easily  traced,  it  has  often  been  found  impossible  to 
obtain  evidence  of  specific  pollution  of  water  that  was 
nevertheless  instrumental  in  spreading  enteric  fever. 
On  the  other  hand,  it  is  clear  that  something  beyond 
simple  excremental  pollution  is  necessary  to  account 
for  the  sudden  acquisition  of  morbific  properties  in  a 
water  that  has  long  been  polluted ;  and,  moreover, 
attacks  of  enteric  fever  may  be  so  mild  as  to  escape 
recognition,  nor  is  it  safe  to  disregard  the  possibility 
that  the  specific  poison  may  gain  access  in  ways  as 
yet  unsuspected. 

Shirley  Murpby  \vas  io\xu^  ^\"&\.mQ,t  increase   in 
iiofcified    enteric  attacks  m  1liO\i^o\y  l<^Qr«\x^%  "^^jj^jfea. 
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above  the  water-intakes,  and  he  has  further  pointed 
out  that  disease  carried  by  water  or  milk  may  affect 
HO  few  peraonB,  or  be  in  so  mild  a  form,  as  to  escape 
recognition. 

It  is  necessary  to  remember  that  the  nrine  of  the 
patient  as  well  as  the  bowel  discharges  may  contain 
the  infective  bacillus.  Horton  Smith  has  shown  that 
the  urine  is  infective  in  one  in  four  cases,  and  most 
frequently  towards  the  end  of  the  disease  and  during 
convalescence.  In  one  recorded  case  the  typhoid 
bajjilluB  wae  found  in  the  urine  eight  months  after 
convalescence.  Other  observers  have  found  bacillmia 
of  this  kind  present  in  between  30  and  40  per  cent. 
of  the  cases  examined. 

Food. — -Milk  was  first  recognised  as  a  medium 
'fcr  the  disaemination  of  enteric  fever  in  1857, 
iUany  instances  have  since  been  recorded,  in  England 
and  other  countries,  the  Infection  being  sometimes 
traced  la  the  use  of  polluted  water  for  washing  the 
cans  or  diluting  the  millc,  sometimes  to  the  milk 
being  infected  more  or  less  dii'ectly  by  a  person 
Buffering  from  enteiic  fever  (see  page  132).  Oysters 
have  on  many  occasions  recently  been  suspected  of 
conveying  the  infection  of  enteric  fever.  In  1894 
Mewaholme  reported  a  number  of  such  cases,  and 
in  the  same  year  an  outbreak  of  the  disease 
occurred  at  a  college  in  Connecticut,  traced  to 
oysters.  In  this  country,  between  1894  and  1902, 
increasing  evidence  was  forthcoming  in  confirmation 
of  this  channel  of  infection,  and  in  tho  latter  year 
occurred  the  well-known  outbreaks  at  Winchester  and 
Southampton,  traced  to  the  consumption  of  polluted 
oysters  at  mayoral  banquets  {Bulntroih).  It  is  now 
well  understood  that  oysters  fattened  on  sewage  con- 
taminated beds  may  cause  disease  in  persons  eating 
them  (see  page  120).  Fiied  Mi  (/famer"l,  Vwi-ctes-ai, 
wateraresB,  aud  other  foods  ha.ve  a\so   c,act\«i  eo.^'^^'^ 
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iiifecii0ii.  When  llie  disease  is  thus  ocmtraoted  it  k 
charactmsed  by  multiple  cases  in  houses^  and  an 
exceptional  age-inddence. 

Dram  efflwoia^  sewer  gases,  and  emanationB  from 
manure  heaps  and  other  filth  accumulations,  are  often 
regarded  as  directly  causing  enteric  fever.  Hmt  thegr 
are  powerful  predisposing  causes  is  beyond  doabt^  and 
it  may  be  supposed  that  persons  exposed  to  Haas 
influence  become  more  susceptible  to  the  enteiio 
poison.  Alessi  has  shown  experimentally  that  thia  ii 
true  of  rats,  rabbits  and  guinea-pigs,  after  expoBon  to 
the  effluvia  from  cesspools  or  excreta.  The  inoidfliiioa 
of  attack  is  heaviest  upon  households  or  diatiiota  in 
which  drainage  defects,  or  insanitary  privies  and  earth 
closets,  exists  although  it  is  often  difficult  to  dimnfliatft 
their  influence  from  &at  of  impurity  of  soil  and  water. 
Buchanan  has  shown  that  in  the  large  Engliah  towns 
improved  drainage  has  greatly  lowered  the  death-nite 
from  enteric  fever.  In  towns  that  have  been  newfy 
sewered,  without  due  attention  to  the  disconnection 
and  trapping  of  house  drains,  enteric  fever  has  some- 
times become  far  more  prevalent  in  large  houses 
upon  high  ground,  tenanted  by  the  wealthier  dasaei^ 
than  in  the  poorer  districts  down  below,  in  which 
very  commonly  there  were  no  drain-inlets  within 
the  houses.  Here,  however,  the  presence  of  enteric 
excreta  in  the  sewage  may  be  suspected.  Precisely 
the  same  conditions  are  recognised,  and  with  equid 
justice,  to  be  conducive  to  outbreaks  of  diphtheria,  a 
totally  distinct  disease,  and  in  either  case  the  presence 
of  a  specific  poison  is  doubtless  essential  to  the 
manifestation  of  the  specific  disease,  be  its  mode  of 
access  what  it  may.  Grossly  insanitary  conditLons 
may  exist  for  years  without  any  outbreak  of  either 
disease.  Men  working  in  sewers  do  not  appear  to 
he  specially  liable  to  enteriii  ievet^  ivqy  do  those  em-  I 
ployed  in  scavenging  in  ipa\V-c\o^\»  Wwxis^  ^iii^dBsra^  " 
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they  come  into  close  and  frequent  contact  with  enteric 
excreta. 

Locality.  —  Enteric  fever  is  more  prevalent  aiid 
more  fatal,  at  all  ^es,  in  towns  than  in  the  couutty, 
and  often  fixes  persistently  u]jon  one  district,  where 
tlie  predisposing  conditions  mentioned  elsewhere  will 
usually  be  found  to  exist  In  such  districts  new- 
cotuers  ai'e  especially  liable  to  attack;  this  has  been 
o1»Berved  on  a  large  scale  as  regards  soldiers  newly 
anived  in  India.  It  seems  probable  that  some  sort 
of  acclimatisation  is  at  work,  i-elative  immunity  being 
conferred  by  repeated  minimal  infection.  As  a  rule, 
but  by  no  means  always,  the  areaH  in  which  enteric 
fever  is  endemic  are  occupied  by  the  poorest  class, 
among  whom  insanitary  conditions  abound,  and 
little  care  is  taken  for  preventive  meaaures. 

Age. — According  to  Handford,  "  the  susceptibility 
to  enteric  fever  decreases  with  age  from  the  earliest 
years  onwards,  though  the  decrease  is  slight  between 
lifteen  and  twenty-five,  whereas  the  risk  of  a  fatal 
termination  steadily  increases  with  age."  The  Regis- 
trar-General's figures,  however,  tend  to  show  that  the 
fatal  incidence  is  less  during  the  first  five  years  of  life 
than  between  five  and  ten  years.  The  registered 
mortality  is  low  in  infancy,  high  in  the  second  to  the 
fifteenth  year,  and  then  rises  further  to  a  maximum 
between  15  and  35  years,  after  which  it  falls  per- 
manently. It  is  probable  that  true  enteric  fever  is 
rare  among  infants  and  young  children,  and  that 
many  of  tlie  cases  recorded  at  those  ages  are  d 
to  faulty  diagnosis. 

Sex. — More  males  than  females  die  from  enteric 
fever,  but  the  morttdity  is  greater  amniig  fenialei 
from  the  fourth  to  the  twentieth  year  of  age.  Th( 
susceptibility,  according  to  the  Registrar- General,  is 
greater  among  ujales  from  about  the  fttftv  Vo  ■eX'iafAi 
the  twenty-SRb  year,  and  greater  araon^  femsiea  «H(  1 
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all  otilier  ages.  The  average  seyerity  of  attack  u 
somewhat  greater  among  females ;  18*8  per  oetii.  of 
female  eases  end  fatally,  and  17*1  of  male  oases. 

The  most  frequent  mode  of  infeotion  is  by  tha 
mouth,  the  virus  either  being  contained  in  water, 
milk,  or  other  food,  or  conveyed  more  directly  by  the 
unwashed  hands  after  contact  with  infected  mattar. 
That  the  excreta  are  infective  is  certain,  and  it  ii 
possible  that  infection  is  sometimes  carried  by  the 
breath.  Enteric  patients  are  sometimeB  treated  in 
general  hospitals  side  by  side  with  other  cases ;  but 
with  scrupulous  cleanliness,  especially  as  regards  the 
nurse's  hands,  and  any  clothing  that  may  have  beoome 
soiled  in  however  minute  d^ree  with  the  patient's  dis- 
cbarges, it  seems  that,  although  nuhies  are  not  onfrs- 
quently  attacked,  the  infection  has  little  tendency  to 
spread  to  other  patients.  It  is  otlierwise  in  oroirded 
homes,  and  there  can  be  no  question  that  direct 
personal  contagion  has  been  the  cause  of  not  a  few  of 
the  smaller  outbreaks  of  the  disease,  and  of  many 
secondary  cases  in  the  larger  epidemics  {ejg,  in  the 
Lincoln  outbreak  of  1905). 

The   incubation  period  is  variable,  from  two  or 

three  days  to  three  or  even  four  weeks,  perhaps  most 

usually  twelve  to  fourteen  days.     The  insidious  modA 

of  onset  renders  exact  determinations  difficult.     The 

incubation  is  often  short  when  the  poison  is  introduced 

by  water  or  milk.    In  some  of  Budd's  cases  it  was  onlf 

two  or  three  days,  at  Guildford  ten  or  eleven  days,  in  tli 

Caterham  outbreak  fourteen  days.     Jancken  recordi 

an  instance  in  which  a  body  of  soldiers,  not  otherwise 

exposed  to  infection,  marched  through  two  villages  in 

which  enteric  fever  was  rife,  and   drank  freely  of 

water.     Two  days  later  3  were  attacked  by  enterio 

fever;  then  7,  6,  0,  4,  5  in  successive  days,  and? 

more  within  the  ioTtm^\it — "^  m  ?i}^..    Tk^  onset  wae 

sudden,  but  tbe  co\irfte  m\\^.     K\vci\}^^^  ^rkJCvcpcl  ^^ 
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troops  pnsBed  through  the  same  rillagea  without 
drinking,  and  escaped  illness. 

The  duru.tion  of  illness  is  usually  about  three  to 
four  weeks,  but  may  be  protracted  by  relapses.  Second 
attacks  are  not  iinconiinon. 

The  greatest  care  is  needed  to  prevent  all  risk  of 
contamination  of  milk  supplies  or  water.  The  disposal 
of  the  excreta  is  a  matter  of  great  importance.  They 
should  be  disinfected  and  disposed  of  at  once.  In  the 
country  it  is  customary  to  bury  tbeni  away  from 
houses  or  sources  of  water  supply ;  in  towns  they 
are  usually  dealt  with  like  other  excreta,  but  where 
pail-cloaets  are  used  enteric  excreta  may  be  separately 
collected  and  cremated.  The  urine,  as  we  have  seen, 
often  contains  the  bacilli. 

Bacteriology. — In  IStlO-Sl  Eberth  announced  the 
discovery  of  the  typhoid  bacillus  in  cases  of  clinical 
enteric  fever.  In  1884  it  was  iirst  cultivated  outside 
the  body  by  GaflTky.  Since  then  other  oi^niams 
have  been  held  responsible  for  the  causation  of  the 
disease.  In  1885  the  B.  coli  communis  was  recog- 
nised, and  it  has  been  a  matter  of  some  debate  among 
bacteriologists  as  to  how  far  these  two  organisms  are 
the  same  species,  and  interchangeable.  There  is 
evidence  on  both  sides  of  the  question,  but  bact«riol- 
ogiats  generally  regard  the  Eberth-Gafl'ky  bacillus  as 
the  speciljc  cause  of  typhoid  fever,  though  complete 
proof  is  still  wanting.  The  bacilli  appear  as  rods, 
2-4  fi  long,  '5  n  broad,  having  round  ends.  Some- 
times threads  are  observable,  being  10  /i  in  length.  The- 
bacilli  differ  in  length  from  each  other,  but  are 
approximately  o£  the  same  thickness.  Round  and 
oval  cells  constantly  occur  even  in  pure  cultui-e,  and 
many  of  these  shorter  forms  appear  to  be  identical  ii 
morphology  with  some  of  the  many  forms  of  Jl.  coli. 
There  are  no  spores.     Motility  is  TniwVei,  i"aa 

?  £ve  to  twenty  flagella  of  varjmg  \e.\vgi!a. 
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f  agella  are  both  terminal  and  lateral,  and  are  elastic 
and  wavy. 

The  organism  may  be  isolated  from  the  ulcerated 
Peyer's  patches  in  the  intestine,  from  the  spleen,  the 
mesenteric  glands,  and  the  urine.  Owing  to  the 
mixture  of  bacteria  found  elsewhere,  it  is  generally 
most  readily  isolated  from  the  spleen.  For  this 
purpose  the  whole  spleen  is  removed,  and  a  portion 
of  its  capsule  seared  with  a  hot  iron  to  destroy 
superficial  organisms.  With  a  sterilised  knife  a 
small  cut  is  made  into  the  substance  of  the  organ, 
and  by  means  of  a  sterilised  platinum  wire  a  little 
of  the  pulp  is  removed  and  traced  over  the  surface  of 
agar,  on  which  growth  occurs  in  24  Jiours  at  37°  C. 
The  bacillus  grows  on  all  the  ordinary  media.  It  is 
decolorised  by  Gram's  method.  The  typhoid  bacillus 
is  capable  of  saprophytic  existence  in  soil,  dust, 
water,  milk,  and  other  natural  media.  It  can  survive 
in  ordinary  earth  for  two  months,  on  sterilised  linen 
for  GO  days,  on  woollen  cloth  for  80  days,  in  sterilised 
water  196  days,  in  certain  soils  400  days.  Wright 
has  prepared  a  vaccine  from  a  virulent  24  hours' 
culture  in  broth.  It  is  killed  by  heating  at  60*^  0. 
for  five  minutes,  and  is  injected  hypodermically  in  the 
flank. 

The    typhoid    bacillus  ag}2flutinates   with   serum   from    a 

typhoid  patient,  and  this  has  been  used  as  a  bacteriological  aid 

ill  diagnosis.     It  is  known  as  JFldars  application  of  G ruber's 

reaction^  and  is  earned  out  in  the  following  way  : — A  few  drops 

of  blood  {iro  drawn  from  the  lobe  of  the  ear  or  finger  of  the 

patient;  the  serum,  which  exudes  as  the  blood  coagulates,  is 

then  diluted  with  about  9  parts  of  neutral  bouillon.     A  drop  of 

this  dilution  is  mixed  with  an  equal  quantity  of  a   typhoid 

broth  cultivation  of  18  to  24  hours*   growth   made   from  a 

virulent   culture.      Under    the    microscope   it  may   bo  seen 

whether  the  reaction  is  positive  or  negative.     If  in  the  mixture 

of  serum  and  of  culture  the  bacilli  become  immotile  and  also 

become  agglutinated,   or   gioupeOi  to^Q\]ti.eiT  m  c,QVyDL\fc'^^  ibe 

reaction  is  positive.     If,  ho^wevei,  t\ie^  x^m^vo.,  ^?.  'Ccv^^  ^^  Ssi. 
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healUiy  blood  saruni,  motilo  and  HrsittHrod,  the  reaction  is 
iiegalivB.  Tha  Widsl  reaction  is  obtBinnble  in  aliout  70  to  SO 
puF  cent,  of  the  casea  bittwi^eii  tiiu  4th  and  14th  day  of  the 
caae  and  in.  90  per  cent,  of  the  cases  during  tho  third  and 
fourth  weeks. 

Siaiple  conlfuucd  fever  is  Ktill  assigned  as  the 
cause  of  a  conaitlerablo  number  of  deaths,  hut  is  st^idily  losing 
ground  yoHi'bj  yeacwith  iuiproviog  diHgnoais  and  ccrtiQcatiou. 
Many  of  the  ilualha  so  roturaed  are  probably  duu  to  enterio 
fever,  others  to  septic  condiLions,  pneumonia,  etc.  Longataff 
has  shown  that  ihu  seasonal  mortality  onrva  for  "  simpla  cun- 
■  tinned  feFflr"  ia  very  difterout  irom  that  of  enteric  fever,  and 
reseniblcB  the  typhna  cnrvo  rathor  cloBoly,  having  its  maximum 
in  winter  and  apiiug. 

Epidfmic  diarrlifER*'  is  returned  as  the  cause 
of  a  dcftth-rute  that  steadily  averaged  O'S  jier  1,000 
from  1850  to  18B0,  and  in  1904  was,  forEugland  and 
Wales,  0'86  per  1,000.  In  towns  it  ia  much  higher 
(1-2  per  1,000)  than  in  rural  districts  {0'46).  la 
Ix)ndon,  fiwm  1893-1003,  it  bad  an  aveiage  of  O'SO. 
In  many  ciises  diarrhfva  is  merely  symptoinatic,  but 
the  exiatenue  of  nn  oi)idemic  diaoase  of  which  diarrhtEa 
is  </(«  prominent  manifestation  is  now  recogniBed. 
Much  light  has  been  thrown  on  the  subject  by 
Ballard,  Newsholme  and  other  observers. 

Derisitf/  of  population. — Epidemic  diarrhcea  is 
essentially  a  disoaae  of  towns,  or,  in  more  general 
terms,  of  crowded  areas.  The  diarrhcea  death-rate  in 
1903  among  children  0-5  years  of  age  was  6-3;  in 
nrban  counties  it  was  7-7  and  in  rurid  districts  3"1. 
The  disease  is  ordinarily  twice  as  fatal  in  urban  as  in 
rural  counties  and  more  dangerous  to  boys  than  girls. 
In  counties  sudi  as  Dorset  and  Wilts,  the  morfeility 

•  tTmh<T  tills  ihnji  Bra  inpLii.lBd  sll  fii.uia  uf  aymotlc  iliirrhteii  anit 
lyul  Culipsfi  of  I'liyaiL-ifins  (1900)  Jald  down  tbnt 
.o-Qi.lr litis,"  "trjul.rie  ™larr1i,"  and  Biidli 
■liuM  in  iiiudkul  a.-riLrlcutH.  of  death  Bhonld  be 

I  of  Iho  tarniB  "  ispWi^mic  nT.\ortt\i"  at, «  to 
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(among  children  0-5  years)  in  1903  was  below  2  per 
1,000,  whereas  in  Wai-wickshire  it  was  8*8,  in  the  East 
Riding  8*9,  and  in  Lancashire  9*13. 

An  analysis  of  the  diarrhoea  mortality  in  the 
various  counties  according  to  their  average  density  of 
population  gives  a  similar  result.  Thus,  in  1871-80 
the  mean  annual  diarrhoea  mortality  per  1,000  at  ages 
under  five  years  was 

In  6  counties  with  more  than  4  acres  per  person  .  2*6 
„    9  „  „  „  3  to  4      „       „        „        .     3*6 

>»  1^  j>  »  >»  -^  »»  ^       i>  >i  »  •  4'2 

)>  A I  ,,         ^        ,)  „  i  „  z       „  „  ,,  ,  4*o 

„    6     counties   with    less  than      1    acre  „  „  .  7*1 

In  all  England  and  Wales,  with  \   -  . 

an  average  of  j    ^  ^  ^^^^  "  "  •  °  ^ 

In  1898-1902  the  rate  was  11*5  in  urban  districts 
and  5'0  in  rural.  Urban  conditions  are  favourable 
to  the  disease,  chiefly  because  of  some  or  all  of  the 
following  : — 

Density  of  buildings  upon  an  area  increases  the 
tendency  to  diarrhoea  mortality,  in  addition  to  the 
density  of  population  that  usually,  though  not  always, 
accompanies  it.     It  is  chiefly  a  disease  of  urban  life. 

Elevation  of  site  tends  to  reduce  diarrhoea  mortality, 
but  only  in  the  same  degree  that  it  affects  infant 
mortality  from  all  causes. 

Lack  of  ventilation  and  light  is  conducive  to 
diarrhoea  mortality.  Among  the  common  conditions 
that  are  harmful  in  this  way  are  narrow  dark 
courts  and  streets,  obstructive  walls  or  buildings, 
back-to-back  houses,  overcrowding,  and  neglect  of 
ventilation  of  rooms. 

La^k   of  cleanliness   has    a  similar  effect,  and  is 

usually  found  in  association  with  the  above,  particularly 

in  houses.     But  further,  towns  which  have  adopted 

the    w^ater-carriage    system    ol   ^^>«^\^^^  have   less 

diarrhoea   than   tliosQ  ^V\c\i  xe^^j^m  o\}v\^\  ^s^a^lk^ss^^l 
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^mova!  of  excrement.  Towns  also  wliich  have  the 
inoat  effectual  scavenging  arrangements,  including  tlie 
methods  of  removal  of  houae  refuse,  hnve  the  least 
epidemic  diairhtea. 

Foul  air  from  sewers,  cesspools,  and  filth  accnmu- 
Jations  of  an^r  kind  promoter  diarrhtea  mortalitj. 
Smoke  and  mere  cfaeniical  efSuvia  seem  to  be  in- 
'■Operative. 

Srinkiitff-watar  may  cause  outbrenks  of  diarrhcca, 
independenliy  of  season,  but  in  not  responsible  for 
ordinary  epidemics  of  sumiiier  diarrhcea. 

Soil. — Diarrhcea  mortality  is  low  in  places  built 
%pon  solid  rock,  high  where  the  soil  ia  loose  and 
porous.  Sand  and  deep  uiouJd  are  the  worst,  clay  ia 
far  better.  Organic  pollution  of  the  soil,  whether 
vegetable  or  animal  in  origin,  is  a  most  ])otent 
factor,  and  occurs  especially  upon  such  sites  as  "made 
ground,"  pervious  aoila,  town  refuse,  market  gardens, 
or  in  Boil  polluted  by  leakage  from  drains  or  cesspools. 
Dampness  of  soil,  accompanied  by  aeration,  is  the 
most  favourable  condition  for  diarrhtea,  dryness  or 
saturation  being  alike  preventive. 

Temperatiirf. — High  temperature  of  the  air  has 
long  been  observed  to  be  aasociated  with  high 
diarrhffiaJ  mortality,  and  the  reverse  with  low  air 
temperature,  but  Ballard  shows  that  the  relation  is 
indirect.  The  maximum  mortality  by  no  means 
necessarily  coincides  with  the  highest  readings  of  the 
air-thermometer.  The  temperature  of  the  soil,  being 
a  less  sensitive  indicator  and  more  steady  in  its  record, 
is  on  the  whole  a  safer  guide. 
Ballard  concluded  that — 

"  (n)  The  summer  riae  of  diairhcBal  mortality  does  not  oom- 
mcnce  until   the   meun   tumpuratuns  mcoriled   by  the  4-fool 
earth- the rmumeter  haB  atlained    aomewhece  abou^  &%°  'C,  lui 
mutter  what  may  haiG  been  the  tompBcat.iiie^rte'jiottfii'j  bMjilvvss^.i 
by  the  atmuspbere  ur  recorded  by  the  \  -iou*.  e-irtV-'OQtttiaow^™-^ 
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*'  {h)  The  maximam  diarrhceal  mortality  of  tha  year  |i 
Ttflually  attfdned  in  the  week  in  which  the  temperatnxe  leoocdBct 
byllie  4-foot  earth-thermometer  attains  its  mean  woeMy 
mazimam. 

''  (0)  Tlie  decline  of  the  diarrhoeal  mortality  «  .  .  WMacMap 
with  the  deoUne  of  the  temperature  recoroed  by  the  4-fdt)t 
earth-thermometer,  which  temperature  declines  muoh  mon 
slowly  than  the  atmospheric  temperature  or  than  that  zeoordfd 
by  the  1-foot  earth-thermometer. 

''  (<Q  The  influence  of  the  atmospheric  temperature,  aod  fli 
the  temperature  of  the  more  superficial  layers  of  tiiiia  eartli, 
...  is  littte,  if  at  all,  apparent  until  the  temperature  of  the 
4-foot  earth-thermometer  has  risen  as  stated  above ;  then  flurir 
influence  is  apparent,  but  it  is  a  subsidiary  one." 

Tomkins  found  that  epidemic  diarrhoea  did  luife 
occur  in  Leicester  until  the  temperature  of  the  l-foot 
thermomet>er  reached  GO**  F. 

JRamfaU  is  operative  by  its  cleansing  effect  upop 
the  atmosphere,  by  laying  dust,  and  by  its  rednemg 
effect  upon  the  temperature  of  the  soil  and  the 
atmosphere.  Diarrhoeal  mortality  is  greater  in  diy 
and  less  in  wet  seasons.  Deficiency  of  rainfall  plus 
high  atmospheric  temperature  are  probably  the  two 
chief  external  conditions  favourable  to  epidemic 
diarrhoea.  Wind  tends  to  reduce  diarrhoea  mortality, 
calm  in  the  diarrhoeal  season  promotes  it. 

It  was  upon  broad  facts  such  as  these  that  Ballard, 
in  1887,  based  his  "provisional  hypothesis" : — 

That  the  essential  cause  of  diarrhoea  resides 
ordinarily  in  the  superficial  layers  of  the  earth,  where 
it  is  intimately  associated  with  the  life-prooesies 
of  some  micro-organism  not  yet  isolated. 

That  the  vital  manifestations  of  such  organism  are 
dependent,  amongst  other  things,  perhaps,  principally 
upon  conditions  of  season  and  on  the  presence  of 
dead  organic  matter,  which  is  its  pabulum. 

That  on  occasion  such  micro-organism  is  capable 
of  getting  abroad  from  its  primary  habitat^  the  earth, 
and  having  become  air-\)onie  obVaixNa  oY^at^josnJe^  \sx 
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j^tening  on  noii-liying  organic    material 
'food  whether  inside  or  outside  the  body),  and  of  using 
BUch  organic  material  both  as  nidus   and  pabuli 
itadergoing  various  phases  in  ita  life-history. 

That  from  food  and  from  organic  matter  in  certain 
t^ils  it  can  manufacture  a  vii-ulent  chemical  poison, 
'which  is  the  material  cause  of  epidemic  diarrhiBii. 

Soeud  position. — By  far  the  greatest  incidence  ia 
opou  the  poorest  class,  the  artisa^n  and  lower  labour- 
.ing  classes. 

Food,  and  particularly  milk,  may  "  ferment "  or 
become  contaminated  by  exposure  to  dust  or  filth 
einauations,  and  thus  cause  diarrhcea.  Breast-fed 
children  are  remarkably  exempt,  and  those  partially 
treast-fed  come  next ;  the  mortality  ia  much  higher 
■  among  children  artificially  fed,  and  especially  if  fed 
by  the  bottle.  On  the  whole  there  is  evidence  to  show 
that  infantile  diarrhcea  is  usually  a  form  of  food 
poisoning. 

Maternal  iiegleet. — The  moi-tality  among  illegiti- 
mate   children    is    higher    than    that  of    legitimate 
children  from  all  causes,  but  the  excess  is  greatest  in 
regard  to  diarrhcea.     The  dilfei-ence  is  most  marked 
in  years  of  low  epidemicity,  and  t«nds  to  disappear 
in  years  of  liigh  diarrhiea. mortality,  but  in  the  latter 
the  avenge  age    of  attack  is  earlier  among  illegiti- 
_    mate  children.      Occupation  of  mothers  from  home 
^^contributes  to  neglect   and    improper,  irregular,  and 
^B^rtificial  feeding  of  infants. 

W'  Age. — Uuirrhiea  is  fatal  at  both  extremes  of  life. 
The  first  year  of  life,  especially  from  the  third  to  the 
ninth  month,  has  by  far  the  greatest  mortality.  In 
1871-80,  63  per  cent,  of  the  deaths  attributed  to 
diarrh<£a  were  at  ages  under  one  year,  80  per  cent 
tinder  two  years.  It  was  by  far  the  most  fatal  of  the 
itective  diseases  in  infancy,  and  ca,iia&i  w.  TaotXsli^^ 
«•  25  per  ihoasmOi,  birlUa.    In.  \¥i%\-^ft  "^^^^ 
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mean  mortality  rate  showed  further  decline,  but  the 
rate  under  one  year  decreased  more  slowly  than  in 
any  other  year  under  five.  From  infancy  the  mortality 
diminishes  until  about  the  20th  year,  after  which  it 
again  increases  until  the  end  of  life.  The  liability  to 
attack  seems  to  be  greater  in  the  second  year  than  the 
first,  and  at  all  events  is  far  greater  in  the  first  two 
years  than  in  the  third  or  later  years.  It  is  com- 
paratively small  in  the  first  three  months,  and 
probably  increases  up  to  the  end  of  the  first  or 
beginning  of  the  second  year.  No  age  is  exempt 
from  attack,  but  only  severe  and  acute  attacks  kill 
at  ages  between  infancy  and  old  age.  Tomkins  states 
that  "  infants  and  young  children  form  only  a  small 
proportion  of  those  attacked,  although  they  furnish 
nearly  the  whole  of  the  deaths." 

Bex, — The  mortality  is  greater  among  females 
from  the  third  to  about  the  45th  year,  but  greater 
among  males  in  infancy  and  old  age.  The  liability 
to  attack,  however,  is  greater  among  males  at  all 
ages. 

Season. — Fatal  diarrhoea  occurs  at  all  seasons,  but 
always  increases  greatly  in  summer.  In  London  the 
mortality  curve  shows  a  slight  rise  throughout  June, 
rapidly  increasing  in  July,  and  reaching  its  maximum 
in  the  first  week  of  August,  after  which  it  again  falls 
steadily  throughout  September  and  October.  During 
the  rest  of  the  year  there  is  little  variation.  An 
outburst  of  epidemic  diarrhoea  occurs  every  year,  but 
the  date  and  intensity  of  the  epidemic  vary  con- 
siderably from  year  to  year,  and  according  to  locality. 
The  relation  to  temperature  and  other  atmospheric 
and  telluric  conditions  have  already  been  discussed. 
There  is  very  frequently  an  alternation  of  years  of 
high  and  low  diarrhoeal  mortality,  but  a  simple  ex- 
planation  o£  this  is  nsuaWy  \.o  \w,  iowcA  va.  the 
meteorologicail  records  oi  tYie  axxmm^it  moxv>iX\^^  >iX^^x^ 
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being  coincident  Jilternation  of  hot,  di'y  Hummers  with 
others  which  are  cool  and  wet. 

Locality. — Diarrhcea  is  endemic  in  many  large 
English  towns,  notably  Leicester  and  Preston,  and 
cause*!  heavy  mortality  annually.  Others,  such  as 
Bristol,  Derby,  and  Halifax,  are  afl'ccted  much  less, 
though  all,  as  in  the  Metropolis,  show  the  summer 
rise  every  year. 

Previous  health  afi'ects  the  chances  of  recovery 
more  than  the  liability  to  attack.  The  incubation  is 
apparently  very  short,  from  a  few  hours  to  a  day,  or 
at  most  two  days.  Half  the  fatal  cases  terminati; 
within  a  week,  and  the  course  is  more  rapid  in  tho 
later  periods  o£  an  epidemic  (Ballard).  Characteristic 
pathological  changes  are  found  in  the  kidneys  as  well 
as  ia  the  intestines,  a  fact  that  goes  far  to  prove 
the  Bpecitic  character  of  epidemic  diarrhiea.  Pneu- 
monia is  common  and  fatty  degeneration  of  the  liver 
almost  invariable. 

In  many  instances  diarrhma  has  appeared  to  be 
highly  infectious  by  means  of  the  excreta,  but  this  is 
not  always  the  case, 

Outbreaks  of  diarrhiea  occur  from  time  to  time, 
especially  in  hospitals  and  other  public  institutions, 
which  cannot  be  refen'ed  to  climatic  conditions,  but 
upon  investigation  are  traced  to  articles  of  food,  and 
especially  to  water  and  milk.  Water  may  acquire 
the  power  of  causing  diarrhtea  in  many  ways,  inclutling 
the  presence  of  suspended  mineral  matter,  such  as 
clay  or  mica  ij'arkex) ;  excess  of  dissolved  mineral 
matter;  suspended  or  dissolved  sewage  matter  or  other 
animal  impurity,  especially  if  undei^ing  putrefaction  ; 
suspended  vegetable  matter;  absorption  of  fcetid  gases, 
including  sulphuretted  hydrogen  and  "  sewer  gas." 
El  frequent  cause  of  diarrhoia,  owing  either 
I  fermentative  changes  in  itself,  ot  to  corA,ft.m\tvo.tv!OTi. 
i&jwisoii  or  effluvia.      An  ouOoi;ee^B-\."^wst- 
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fields  Hospital  wae  traced  to  butter.  Putrid  food  of 
any  kind  tends  to  cause  diarrhoea,  and  fish  is  especially 
prone  to  be  injurious  if  not  fresh.  Lastly,  specific 
diseases  must  be  mentioned  in  this  connection,  as  for 
example  the  Welbeck  cases  described  in  an  earlier 
chapter. 

Bacteriology — In  1885  Escherich  published  his 
researches  on  Bacillus  coli  coinnmnisy  and  since  that 
date  many  authorities  have  maintained  that  this 
organism  is  the  causal  agent  of  epidemic  diarrhoea. 
Booker,  on  the  other  hand,  as  the  result  of  investiga- 
tion, concluded  that  many  different  varieties  of 
bacteria  are  concerned  in  the  etiology  of  the  summer 
diarrhoeas  of  children.  He  considered  "  streptocoocQS 
enteritidis  "  and  proteus  vulgaris  the  most  important 
In  1895  Klein  isolated  an  organism  from  the  evacu- 
ations of  patients  suffering  from  an  epidemic  of 
diarrhoea  at  St.  Bartholomew's  Hospital,  which  he 
named  B.  enteritidis  sporogenes,*  and  which  he  believes 
to  be  the  cause  of  epidemic  diarrhoea.  B.  enteritidis 
sporogenes  is  widely  distributed,  and  occurs  in  normal 
and  typhoid  excreta,  in  sewage,  manure,  soil,  dust^ 
and  milk.  It  has  been  frequently  found  in  ihe 
dejecta  of  patients  suffering  from  epidemic  diarrhoBt. 
It  fulfils  in  a  somewhat  exceptional  degree  the  re- 
quirements suggested  by  Ballard.  But  the  same  is 
true  of  B.  coli,  and  the  question  is  therefore  siibjudice. 

Influenza  stands  almost  alone  in  its  purely 
epidemic  or  pandemic  occurrence,    with   little  trace 

*  B  enteritidis  sporogenes  (Klein)  is  an  anaerobic  bacillus :  l*6-4'8  ji 
long,  and  0*8  /x  broad ;  stains  by  Gram's  method  and  ordinary  sWh. 
Motile ;  spore  formation  present ;  large  oval  spores  often  situated  MV 
one  end  of  bacillus  ;  grows  well  on  gelatine  and  agar.  In  the  former  gull 
produced  and  the  gelatine  liquefies.  It  grows  well  in  milk.  After  fbtalir* 
six  hours  of  anaerobic  incubation  at  37°  G.  the  surface  is  covered  unk 
stringy,  pinkish- white  masses  of  coagulated  casein  enclosing  a  numbarof 
gas-bubbles.  The  main  portion  of  the  tul>e  of  milk  contains  a  coloarlea 
tliin,  watery  wlicy,  with  a  few  casein  lumps  here  and  there  adhering  to  tki 

siilva  of  the  tube.    The  whey  haa  &  ava^iW  ol  ^iwt^tto  acid,  and  is  acidii 

reactiou.    It  contains  many  baclUi.  ^ 


I 
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of  endemic  localisation.  Much  confusion  has  arisen 
from  the  prevalent  misapplication  of  the  term 
influenza  to  severe  catarrhs,  infectious  or  otherwise. 
Many  epidemics  of  true  influenza  have  been  observed 
during  the  laat  few  centuries,  spreading  over  a  greater 
or  less  portion  of  the  globe.  Although  there  is  clear 
indication  of  preference  for  lines  of  traffic,  the  progress 
of  an  epidemic  is  highly  irregular.  It  appears 
simultaneously  at  widely  separated  points,  often 
leaping  over  or  avoiding  entire  countries,  perhaps 
to  appear  in  them  later.  It  may  be  limited  to 
particular  towns  or  villages,  sometimes  even  to  a 
small  section  of  the  population  in  one  part  of  a  town. 
The  advance  is  frequently  rapid,  but  not  more  rapid 
than  human  traffi^and  It  other  times  its  progress  is 
slow  and  halting.  The  pandemic  of  1889  was  first 
heard  of  in  Siberia,  in  May,  and  had  spread  to  almost 
every  part  of  Europe  before  the  end  of  the  year.  It 
reached  London  late  in  December,  and  in  the  course 
of  the  next  three  months  diffused  itself  over  England. 
The  epidemic  quickly  reaches  its  maximum  limits 
in  a  given  centre,  owing  probably  to  its  infectiousness 
and  short  incubation,  and  the  susceptibility  of  the 
greater  part  of  the  population.  It  seldom  remains 
longer  than  a  few  weeks  in  any  locality,  but  may  return 
in  the  course  of  the  same  pandemic.  The  interval 
between  epidemics  is  irregular.  Parsons  states  that 
major  epidemics  occurred  in  England  in  1803,  1833, 
1837-8, 1847-8,  and  minor  epidemics  about  every  three 
years.  From  1860  onwards  these  practically  ceased, 
until  1889,  when  a  new  series  of  epidemics  began, 
each  covering  almost  the  whole  country,  at  intervals 
of  about  a  year,  and  which  in  ten  years  destroyed  no 
fewer  than  87,767  lives  in  England  and  Wales.  In 
the  three  years  1901-3,  the  influenza  death-rate 
averaged  195  per  million,  against  an  aveT8u«<&  t^\.^  ^1 
408  per  million  in  the  three  years  ended  \i*\\\i  \^^^ 
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Speaking  generally,  influenza  appears  to  be  mem  filial 
in  the  country  than  in  the  town.     {ToAaam^ 

In  the  same  district  the  type  of  the  epidwuo 
remains  fairly  constant  as  regards  intensity^  asyeriliyv 
and  perhaps  the  tendency  to  one  or  other  groop  li 
local  symptoms  or  complications.  There  i%  howmeri 
considerable  variety  in  different  centres  dvniiig  the 
progress  of  an  epidemic,  and  the  type  may  «l»«iga  m 
a  given  locality. 

CUmaie. — ^Epidemics  are  more  oommcoL  in  |hI 
countries,  but  no  country,  however  ooldf  is  htmi|I 
from  invasion. 

Season  and  weeUher. — ^Neither  ^  cold  nor  hm^ 
nor  any  known  meteorological  condition,  has  ben 
shown  to  have  any  effect  in  checking  or  pvomoUag 
the  spread  of  the  disease.  Intense  outbrMka 
in  the  hottest  and  coldest  seasons,  in  good^  bad^ 
changeable  weather,  apparently  indifferently. 
type  of  weather  in  turn  has  been  alleged  to 
epidemic  prevalence,  upon  the  strength  of  narrow 
observation  confined  frequently  to  one  locality  and 
one  outbreak.  Nothing  is  definitely  knovni  of  any 
relation  to  atmospheric  electricity,  or  the  presence  ii 
ozone.  It  is,  however,  conceivable  that  conditiooos  of 
climate,  season,  and  weather  may  affect  the  severify 
of  the  epidemic,  and  especially  the  mortality  from 
the  respiratory  complications  that  usually  attend  it. 

Telluric  conditions  are  apparently  without  inflaeooo.  Tbe 
disease  attacks  persons  of  all  ages  and  both  sexes,  sometimflBto 
the  extent  of  quarter  or  even  half  the  entire  population.  Li 
general  both  incidence  and  severity  of  attack  are  leas  at  agoi 
below  20  years,  and  less  among  women  than  among  mea ; 
though  in  some  few  localities  and  instances  children,  and  ti^ 
pecially  school  children,  suffered  more  than  adults.  It  wodd 
appear  that  influenza,  like  diphtheria,  may  become  intensified  Vf 
the  aggre^tion  of  susceptible  persons  in  a  confined  atmo- 
sphere.  Whether  it  can  apiea.^  M^sccox)^  t\3A  oix  for  kas  < 
distoncesis  doubtful.    Many  \tv%\.wi^^^  ^'t^  oa-iwRtti^Tflx^iWi 
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it  was  apparentlj'  conTByed  in  that  way  5  to  ships  and 
light-lioubos,  but  Parsons  has  shown  that  in  aume  of 
these  the  iaolatiun  waa  not  completo.  On  the  whole,  Becludod 
parsons  and  populations  sufFered  least,  the  incidenca  beiQ); 
exceptionally  heavy  ii]<oti  postal  and  railway  oSiaiaU,  and 
otheiB  whose  work  brought  them  moat  into  coutact  with  tlie 

Dogs  and  cats  apparently  saSer  from  inSiionza,  and  horaeg 
are  liable  to  a  severe  and  often  fatal  diseaae  {termed  "  pink- 
eye" from  one  of  its  promineiit  nymploms),  which  has  heen 
regarded  as  a  form  at  influenza.  On  ssverai  occasions  in 
Xlngland  and  elsewhere  epidemics  of  influenai  have  beim 
precodod  by  outbreaks  of  "pink-eye."  But  in  a  lioport  to  the 
Ij.Q.B.  (1893)  Kloin  gives  reasons  tot  douhting  the  trans- 
misaibility  of  influenza,  to  lower  animula. 

The  period  of  incubation  appears  to  be  short,  from 
one  to  three  days.  The  onset  is  sudden,  witli  uliills, 
elevation  of  temperature,  and  severe  pain  in  the  eyes, 
head,  and  l>fu;k,  and  tenderness  of  muscles,  especially 
of  the  logs  and  back,  Tliree  principal  fonna  of  the 
disease  are  de«icribed,  witli  affection  respectively  of 
tlie  respiratory  or  alimentary  tracts,  or  of  the  nervous 
system  alone.  Intense  prosti'ation  and  depression 
and  rapid  loss  of  weight  are  almost  invariable.  The 
symptoms  usually  abate  in  three  or  four  days,  but 
complications  and  Bequelsj  may  protract  the  duration 
of  illness  indefinitely.  The  breath  is  in  all  proba- 
bility infectious  from  the  first. 

The  mortality  from  inAuensta  is  usually  slight, 
except  among  persona  already  weakened  by  disease  or 
predisposed  to  bronchitis  or  pneumonia.  The  increased 
death-rate  which  follows  the  appearance  of  influenza 
in  a  district  is  largely  due  to  deaths  attributed  to 
respiratory  diseases.  The  protection,  if  any,  conferred 
by  an  attack  is  slight  and  evanescent,  repeated 
attacks  being  common. 

In  1892  Pfeiffer  discovered  a  small  bacillus  in.  the 
broncliial  mucus  of  patients  Bufl'e.ving  itoicv  'wA-aewtai- 
/*  ia  aerobic,  non-motile  and  noa-Te^b&iv\..     W  Anw^ 
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not  stain  by  Gram's  method,  and  grows  CeeUiy  on 
artificial  media. 

The  ordinary  preventive  measures— rnotifioatioa, 
isolation,  and  disinfection — have  not  y^  been  tarn- 
ployed  on  a  large  scale  against  influemsa^  They  'wooU 
be  handicapped  by  difficulties  somewhat  Bimilir  to 
those  that  have  been  mentioned  in  connection  wiA 
measles  and  whooping  cough.  Nothing  is  yet  knowft 
as  to  infection  by  water  or  food. 

Epidemic  cerebro-spinal  meiiinvltii  ii 
characterised  clinically  by  sudden  pyrexia  aooom- 
panied  by  prostration,  with  or  without  a  rash,  pain  in 
the  head  and  neck,  retraction  of  the  head,  and  often 
delirium  and  coma.  The  symptoms,  however,  vuy 
widely  in  different  individuals,  and  in  different  ovt' 
breaks,  constituting  various  types  of  the  disease^  Hlld 
and  atypical  cases  may  occur  in  associaticn  with 
epidemics  of  this  disease.  The  morbid  anatomy  con- 
sists in  acute  inflammation  of  the  pia-arachnoid  of 
the  brain  and  spinal  cord,  usually  resulting  in  effusaoD 
into  the  sub-arachnoid  space,  sometimes  of  a  purulent 
nature.  Little  is  known  as  to  the  etiology.  Mort 
epidemics  occur  in  winter  or  early  spring.  It  is 
independent  of  racial  or  telluric  conditions.  Some 
authorities  believe  that  a  diplococcus  (Z>.  tnlni- 
celliUaris)  is  the  cause  of  the  disease. 

In  1866-67  there  occurred  a  severe  epidemic  <rf 
this  disease  in  Ireland.  It  was  marked  by  hi|^ 
mortality  and  the  prevalence  of  hsemorrhagic  rashoi 
and  was  probably  part  of  an  epidemic  wave  whidi 
passed  over  Europe.  In  1905  a  severe  outbreak  wiA 
high  fatality  occurred  in  New  York,  which  had  not 
suffered  from  an  epidemic  of  this  disease  since  1 872. 

Pneamonia  occasionally  occurs  in  an  epidemit 
form,  and  in  many  instances  has  shown   distinctl]' 
infectious  properties  wit\iOM^  «A)W\xvm^  ^'^\^^\nA&  ^ 
portions.    Epidemic  pne\imoTa8L\^,^>i>a^^«^^^«5s^a^  . 
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of  the  "  croupous  "  or  "  fibrinous  "  form,  but  it  is  not 
cei-tdin  that  nil  coses  of  sporadic  croupous  pneumonia 
are  due  to  infection,  or  that  infectious  pneumonia  is 
always  caused  by  the  same  virus.  Infectious  pneu- 
monia ia  very  often  limited  to  the  upper  lobe,  and 
often  accompanied  by  pleurisy  or  empyema.  Gastric 
symptoms,  diarrhcea,  and  jaundice  are  common,  and 
proatmtion  and  cerebral  Bymptoma  are  frequently  in- 
tense, out  of  proportion  to  the  physical  signs  of  pneu- 
monia. The  latter  may  be  delayed  for  days  after  the 
onset.  The  mortality  is  often  high,  and  usually  so  in 
outbreaks  limited  to  a  few  persons.  Epidemics  have 
been  described  in  considerable  numbers  in  England 
and  various  other  parts  of  Eitroiie  during  the  last  two 
centuries.  Although  more  frequent  in  temperate 
climates,  mauy  ai-e  recorded  in  the  West  Indies, 
Mexico,  Peru,  and  India.  Nearly  all  occur  iu  winter 
or  spring,,  and  the  seasonal  curve  of  epidemic 
prevalence  coincides  pretty  closely  with  that  of 
pneumonia  mortality,  which  has  its  maximum  in 
December,  and  is  high  from  November  to  April. 
Hence  the  prevalence  of  pneumonia — epidemic  or 
otherwise— is  associated  with  the  colder  months,  and 
a  closer  analysis  shows  that  in  each  climate  the 
greatest  prevalence  of  pneumonia  occurs  at  the  season 
of  most  rapid  aud  sudden  changes  of  temperature,  be 
it  winter  or  spring  (Ilirsch),  and  there  is  evidence 
tending  to  show  that  the  prevalence  varies  in  Bom9 
measure  with  the  intensity  of  the  changes  of  tern 
perature.  Epidemics  occurring  at  unusual  seasons 
have  often  been  associated  with  unusual  meteorological 
conditions  of  the  same  kind. 

The  populur  belief  in  "  Dhill"  a»  unexciting  cause  of  pnou' 
monia  cannot  be  enlertuined  as  rpgards  infeclioua  pnuiimonia, 
in  iplts  of  the  strength  of  the  evidence  which  cononcta  ^m™.- 
monia  outbreaks  with  the  weather  comlilvma  to  -wto-pV  "  t\v^" 
is  believed  to   he  uiosl   liable  to  occut,    Ex^oivaii  to  »«A^™> 
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chfui|^  of  teoipeiatiire  or  extreme  oold  may  increBM  the 
aofciYity  of  iofeotum  or  the  anaoeptibility  of  the  IndiTidiiil,  bvt 
nothing  mom.  If,  however,  there  is  a  non-infeotioiu  and  non- 
speoifio  croupooB jpoaomonia,  the  question  of  **  chill "  joaj  he 
argued  npon  difrarent  lines.  It  is  said  that  cnnipoiM  poeop 
monia  haa  heen  produced  by  injecting  irritante  into  the  InpoKi 
of  do|pi,  by  mechanical  injury  to  lung  tiasae,  by  ezperimentelly 
injuring  PBrta  of  the  nervous  system,  and  by  various  other 
mechanical  means,  which  may  be  admitted  as  establishing  some 
sort  of  prima  faeie  possibility  of  like  effect  from  sudden  Sumge 
of  temperature,  especially  as  the  whole  mortality  attributed  to 
pneumonia  (and  not  meroly  that  part  which  is  already  xeoog^ 
nised  as  due  to  an  infections  form  of  the  disease^  resicheB  its 
maximnm  at  times  of  greatest  liability  to  "chill.*'  On  the 
other  hand,  attempts  to  produce  pneumonia  by  eipodng 
animals  to  sudden  altematicms  of  temperature  have  matoaaiy 
ended  in  failure,  and  even  traumatic  pneumonia  may  oonceiv- 
ably  be  dependent  upon  the  co-o|>eration  of  specific  microbei 
ocindentally  gaining  access  to  the  mjured  tissue. 

There  are  now  on  record  many  instances  of  out- 
breaks of  pneumonia  which  remain  limited  to  a  single 
household  or  a  small  circle,  but  in  which  nevertheless 
the  evidence  points  strongly  to  infection. 

Nothing  conclusive  has  been  established  as  r^ards 
the  influence  of  rainfall  or  telluric  conditions  upon 
pneumonia,  although  it  has  been  asserted  that  absence 
of  rain  (dry  cold)  and  low  level  of  subsoil  water  are 
favourable  conditions. 

Males  are  far  more  liable  to  pneumonia  than 
females,  but  the  attacks  are  usually  less  severe  and 
fatal.  tn  the  Middlesbrough  epidemic  of  1888 
Ballard  found  that  the  female  case  mortality  only 
exceeded  the  male  at  ages  above  sixty-five  years. 
Both  the  liability  to  attack  and  the  average  case 
mortality  increase  greatly  as  age  advances.  In  child- 
hood and  old  age  the  mortality  is  highest,  and  urban 
death-rates  are  usually  in  excess  of  rural. 

Ail  depressing  conditions  predispose  to  attack 
during  epidemic  prevalence,  a.x£ioxk!g^  >iJckKai.  li&.ti^gae, 
anxiety,    poverty,    and    de\A\\ty   ixom    «si^     ^smosk^ 
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Insanitary  conditions,  especially  filth,  overcrowding, 
and  want  of  ventilation,  act  apparently  as  powerful  but 
not  indispens-ihle  predisposing  causes.  Effluvia  from 
graveyards  Lave  also  been  held  responsible  for  out- 
breakij.  Repeated  outbreaks  have  sometimes  been 
observed  in  the  same  buildings,  especially  barracks  and 
prisons.  In  many  extensive  epidemics  it  has  been 
found  that  those  streets  or  houses  suffered  most  which 
were  in  the  worst  sanitary  condition,  and  outbreaks 
in   barracks,    prisons,    and   ships  have  usually  been 

(attributed  to  the  same  causes.  Such  conditions  must 
Bot  be  regarded  as  more  than  predisposing  causes  in 
any  ca.se,  and  in  many  instances — notabiy  in  several 
of  the  small  outbreaks  of  infectious  pneumonia  limited 
to  one  household— they  are  conspicuously  absent, 
IS^egroes  are  especially  susceptible  to  pneumonia,  even 
iti  their  native  climate, 
Friedlander's  oval,  capsulated  pnenmo-bainllMS  is 
found  in  large  numbers  in  the  affected  lungs,  and 
in  the  blood  and  sputa  in  croupous  pneumonia 
(but  not  in  acute  catarrhal  pneumonia  or  septic 
pneumonias).  It  was  found  in  abundance  in  the 
substance  of  the  floors  and  ceilings  of  rooms  in  a 
prison  at  Amberg  whei-e  repeated  outbi'eaks  of  pneu- 
monia had  occurred  for  many  yeai-s  {Emmerich), 
Pneumonia  has  been  produced  in  rabbits  by  the  injec- 
tion of  cultivations  ;  on  the  other  hand  these  results 
have  been  disputed,  and  the  true  pathogenic  microbe 
asserted  to  ho  Frankel's  small,  oval,  capsulated 
(Uplococeui,  which  is  non-motile,  non-liquefying  and 
aerobic.  It  is  difficult  to  cultivatfl,  and  rapidly 
loses  virulence.  It  is  stained  by  Gram's 
It  is  by  far  the  most  frequently  present 
in  croupous  pneumonia,  and  may  be  present  in  other 
disea.'ies,  suppuration,  otitis  meditt,  vii^eta.'CvJei 
"  endoou'ditis,  ancf  meningitis. 
jH        The  wklespi-ead  and  fatal  ei(iidem\c  ol  \nve\vwieM 
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that  occarred  at  Middlesbrough  in  1888  was  investi- 
gated by  Ballard.     Out  of  1,633  cases  in  a  population 
of  97,000,  369  ended  fatally,  the  case  mortality  being 
21   per  cent.     The  poorer  classes  suffered  more  Uian 
the  wealthy,  and  cases  were  exceptionally  numerous 
and  severe  in  the  workhouse,  where  the  drainage  was 
very   faulty.     The   workhouse   children   suffered   six 
times,  but  adults  only  one  and  a  half  times,  as  much 
as  the  corresponding  class   outsida      Exposure  and 
fatigue  seem  to  have  acted  as  predisposing  causes,  and 
many  apparent  instances  were  recoi*ded  of  direct  in- 
fection from  contact  with  a  sick  person.    The  progress 
of  the  epidemic  seemed  to  be  arrested  by  heavy  rains, 
and  to  be  most  rapid  during  rainless  periods.       Klein 
found  neither  Friedlander's  nor  Frankel's  organisms, 
but    large    numbers     of    short     bacilli,    which    he 
named  BacilliLs  pneumanice.     Inoculation  of  human 
lung-juice   or    of    cultivations   of    the   bacillus  into 
mice     caused     an     acute     disease,    the    chief     and 
constant  lesion   of   which   was  pneumonia ;    further 
inoculations    from    such    mice    imparted    the    same 
disease  to  other  mice.     Samples  of  bacon  were  pur- 
chased in  the  infected  districts,  and  it  was  found  that 
of  mice  fed  upon  this  bacon  a  large  proportion  became 
ill,  with  the  same  symptoms  as  those  mentioned  above. 
The  Bacillus  pneumonicB  was  recoverable  by  cultivation 
from   their   tissues,   and   by   inoculation  the  disease 
could   be   transferred   to  other  mice.     Whether  the 
bacon  had  or  had  not  become  infected  by  human  cases 
of  pneumonia  ia  not  clear,  but  it  may  be  suspected 
that  the  disease  was  capable  of  being  spread  by  means 
of  infected  food. 

The  incubation  appears  to  be    short,  frequently 

about  five  to  seven  days.     The  onset  is  sudden,  and 

usually  marked  by  rigors  and   severe   constitutional 

symptoms,  the  signs  of  pnewmonia  being  often  delayed 

for  three  or  four  days.     T\ie  Mt\i  ^^i.'^  \&  Q't^iiL^jaiaL^ 
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'  and,  on  the  other  hand,  crisis  often  occni-s  on  or  about 
the  fifth,  seventh,  or  ninth  day,  but  sometimea  the 
eourse,  even  in  non-fatal  cases,  ia  severe  and  pro- 
tracted, the  symptoms  being  of  a  "typhoid"  character. 
Both  the  breath  and  the  sputa  may  be  assumed  to 
be  iufectiya 

The  mortality  varies  considerably,  bnt  ia  usually 
.high,  especially  in  elderly  peraomi  and  in  the  out- 
'breaks  limited  to  a,  narrow  circle.  Inaome  epidemics, 
however,  it  haa  bccu  as  low  as  b  per  cent. 

Epidemics  of  pneumonia  often  occur  coincidently 
■with  outbreaks  of  other  diseases,  and  esiMcially  enteric 
Pneumonia  is  &  comnion  complication  or 
Bequela  of  ent«ric  fever,  BJid  it  has  been  suggested 
'^at  an  invasion  of  the  system  by  the  enteric  poison 
iaay  have  its  sole  manifestation  in  pneumonia,  the 
ilsual  intestinal  lesions  l>eing  slight  or  absent- 
Tuberculosis  is  a  specific  and  infective  disease 
fommon  to  man  and  the  lower  animals.  The  princi- 
^1  form  in  which  it  affects  man  is  pulmonary  tuber- 
culosis or  phtliisis,  but  aJI  parts  of  tlie  body  are  liable 
■fto  be  invaded.  Tlie  mortality  due  to  tuberculosis  is 
enormous,  but  does  not  admit  of  exact  statement, 
owing  to  imperfections  of  diagnosis,  nomenclature, 
IKod  classification.  Pulmonary  phthisis  may  be  accepted 
afairly  well-deliued  division,  altliough  it  nndonbtedly 
bicludes  a  certain  proportion  of  non-tubercular  de- 
structive diseases  of  the  lungs.  Tubercular  meningitis 
's  not  sufficiently  distinguished  in  death-returns  from 
other  diseases  that  are  attended  with  somewhat 
similar  symptoms,  and  "  tabes  mesenterioa,"  whicli  is 
classed  aa  a  tubercular  disease,  includes  a  large 
annual  number  of  deaths  aniong  childi-en  fi'om 
wasting  diseases,  of  wliicii  no  exact  diagnosis  has 
been  made. 

Phthisi^    "consumption,"   or  ^AAvftcmax-s  "w&Rit- 
culosis     ia    hirgcly     dependent     \3i^oti    Vwqviw     isa^^l 
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remediable  conditions,  and  improved  hygiene  hai 
led  to  a  steady  dedine  in  mortaliiy  vcwsl  thui 
cause.  Nevertheless  it  still  ranks  among  tiie  mort 
fatal  diseases,  eApeciallj  during  adult  liFe,  and  as 
recently  as  idie  decemual  period  1894-1903  it  was 
the  recorded  cause  of  nearly  one-tenth  of  the  whole 
mortality  in  England,  and  of  about  forty  per  eenth 
of  the  deaths  at  ages  between  twenty  and  fcxrty^ 
five. 

Its  geographical  distribution  is  almost  world-wida 
Neither  hot  nor  cold  climates  are  exempt,  but  hu- 
midity, especially  if  the  daily  range  of  temperattue  is 
high,  is  frequently  associated  with  prevalenoe  of 
phthisis.  Cold,  and  especially  Arctic  countries,  suftr 
comparatively  little  as  a  rule,  and  the  ezceptioDS' 
are  mostly  explicable  by  social  conditioaui  in- 
volTing  overcrowding  <md  want  of  Tentilatiim. 
Other  things  being  equal,  elevated  and  mountainous 
regions  are  less  affected  than  lowlands,  owing,  it  is 
believed,  to  the  dryness  and  purity  of  the  air  and 
soil,  and  the  fuller  and  deeper  respiratory  move- 
ments. A  general  relation  between  dampness  of  soil 
and  prevalence  of  phthisis  has  been  affirmed  by 
Buchanan*  in  England  and  Bowditch  in  America. 
Considerable  and  early  reduction  in  phthisis  mortality 
has,  in  many  instances,  followed  artificial  drainage 
of  damp  localities.  In  Ely  the  reduction  was  47 
per  cent.,  and  in  Salisbury  49  per  cent.,  but  at 
Ashby-de-la-Zouch,  Alnwick,  and  Carlisle,  Buchanan 

• 

*  The  tnortalifcy  statistics  of  the  decennium  1851-60,  for  Surrey,  Keot^ 
and  Su-sex,  showed  that  there  was  less  phthisis  among  popu  ations  Hiring 
on  pervious  soil  than  among  those  living  on  impervious  soils;  leas  on 
liigh'lylug  pervious  soils  \  hnn  on  lo w-ly ^ng  pervious  soils ;  lesst  on  alopiiiK 
impervious  soils  than  on  flat  impervious  soils.  Buchanan  also  fouia 
a  general  agreement  in  phthinin  mortality  between  districts  that  hav« 
common  geological  and  topographical  features  of  a  nature  to  affeot  tibt 
water'bolding  quality  of  the  sou— an  ag;c«eTcve,Tit  uot  observed  iu  district! 
differeatly  eircauistanced  in   B\Ui^  t«a^ec\a\  «iv^  t\3jc^(icv«t^  ^  ^iSMiGil 

parailelUm  between  the  degree  ot  -wetae^a  ol  *qvV  wA  \>aft  ^«^s^sa  <^ 

phthisis  Jncidence. 
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■•  iound   an  increase   coincident  with   drainage  of  the 

■  towns,   and   the   sunie   was    obseived   at   Danzig   and 
I     fllsewliere.     In  aeveral  of  theao  cases,  however,  the 

looil  conditions  were  audi  that  the  drainage  works 

did  not  materially  dry  the  soil.     It  is  stated  by  many 

authorities   that  phthieis  does  not  occur  in  marsliy 

.      regions  which  are  "  malarious,"  and  Kelly  found  that 

U    the  phthisis  mortality  is  greater  upon  the  drier  Boii. 

■  Towns  suffer  more  than  rural  districts,  and  there 
P    IB  a  close  relation  between  density  of  population  and 

phthisis  mortality,  due  to  tlie  co-operation  of  several 
causes,  chief  among  which  are  overcrowding,  poverty, 
and  st^natiou  and  impurity  of  air.  The  heaviest 
incidence  is   upon   the    poorer  classes,    and    especi- 

(^y  those  living  in  narrow  streets,  alleys  and 
.  courts,  and  in  back-to-back  houses.  Conditions 
inside  the  houses  such  as  overcrowding  and  waut 
of  ventilation  are  even  more  potent,  and  repeated 
experience  in  barracks,  workhouses,  prisons,  and  other 
public  institutions,  as  well  as  in  ships,  has  shown  that 
with  improved  ventilation  and  ampler  air-space  the 
mortality  from  phthisis  is  greatly  reduced.  Among 
nomadic  races  the  disease  is  rare. 

Many  trades  have  a  tendency  to  induce  phthisis, 
and  especially  those  industries  which  are  carried  on 

I  in.  overcrowded,  hot,  moist  workrooms,  or  which 
diarge  the  air  with  mineral  or  oi^nic  dust  of  an 
irritating  kind.  Exposure  to  rapid  alternations  of 
temjerature  is  very  injurious.  Greenhow  attached 
^inuch  importance  to  a  stooping  or  cramped  posture 
at  work,  as  predisposing  to  phthisis. 
Among  other  predisposing  conditions,  intemperance 
Slid  debihtating  causes  of  all  kinds  are  important. 
Brouardel  considers  that  "alcoholism  is  the  moat 
potent  factor  in  propagating  tuberculosis,"  and  he 
quotes  Baudran  as  showing  that  t\ie  iiittiCBa  ixoia. 
tubercaloBiB  fwr  1 0, 000  rise  In  proipoTt\oi\  Vo  *Cfte  wwiM^" 
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consumption  of  litres  of  alcohol  per  head.  In  this 
country  the  Registrar-General  has  shown  that  more 
than  one  quarter  of  the  deaths  of  innkeepers  and  their 
servants  in  London  result  from  phthisis ;  more  than 
one-third  of  the  deaths  of  public-house  servants, 
barmen,  and  potmen  in  London  are  due  to  phthisis ; 
and  the  mortality  from  this  disease  among  London 
innkeepers  and  their  servants  is  more  than  twice  9& 
great  as  that  among  all  occupied  males,  and  the 
mortality  amongst  the  servants  alone  is  more  than 
three  times  as  great.  No  doubt  some  of  this  mortality 
is  due  to  inhalation  of  tuberculous  dust  from 
dried  sputum.  Then  there  is  the  lowering  effect  of 
previous  disease.  Attacks  of  pleurisy,  bronchitis,  or 
pneumonia  increase  the  liability  to  phthisis,  and  so, 
too,  do  many  forms  of  specific  fevers  (notably  measles, 
whooping  cough,  and  enteric  fever),  and  other  diseases, 
for  example  diabetes  and  insanity.  The  low  phthisis 
mortality  among  fishermen,  agricultural  labourers, 
and  others  following  essentially  out-door  employments, 
seems  to  indicate  that  exposure  to  weather  has  been 
overrated  as  a  predisposing  cause,  for  this  condition 
in  a  great  measure  implies  abundance  of  fresh  air. 

Rightly  or  wrongly,  a  large  but  decreasing  number 
of  deaths  of  young  children  under  five  years  of  age  is 
attributed  to  phthisis.  The  annual  mortality  per 
million  living  at  ages  under  five  years  was  968  in 
1801-70,  767  in  1871-80,  and  536  in  1881-90. 
From  five  to  ten  years  the  mortality  is  at  a 
minimum,  and  then  rises  steadily  to  its  maximum  at 
ages  between  35  and  45,  after  which  it  declines 
again  as  age  advances. 

The  influence  of  sex  is  very  marked,  but  is  to  be 

explained  for  the  most  part  by  diflferences  of  surround- 

mg^  rather  than  by  variation  in  natural  susceptibility. 

In  proportion  to  their  n\\m\)eT?^  Tc\«k\^i^  v»v\^e\:  a  higher 

phthisis    mortality  than  iema\e^  «i^  ^  ^^^"s*  ^^^«^\. 
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between  5  and  25  yertre.      While   the   mortality  is 
decreasing  rapidly  ia  both  sexes,  the  decline  among 
femalea  is  greater  than  that  among  males. 
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In  London  also  there  has  been  a  steady  decline.          1 
In   1904  the  phthisis  death -rate  was  1-62  per  1,000,          1 
having  fallen  from  1-90,  1-79,  ITl,  and  IQi  reepec-          1 
tively  in  the  four  preceding  ye^ra.     In  1904,  when          1 
the   phthisis  death-rate    was    1'63   for  the  whole  of 
Ixindon,  it  was  as  low  as  0-83  in  Hampatead  and  as 
high  as  2-18  in  SLoreditch,  3-36  in  Southwark,  3-39  in 
Finsl>ury,  and  2-86  in  Holbom.     The  steady  decline 
in  the  incidence  of  the  disease  may  also  be  stated 
as  follows:    that   whereas  in   the   ten   years    1894- 
1903  the  average  number  of  deaths  from  phthisis  in 
London  was  8,09T,  the  nnmber  for  1904  was  7,738. 

No    race   is    exempt,    but  among   Jews  phthisis 
appears  to  be  rare,  and  this  compai-ative   immunity 
has  been  partly  attributed  to  the  caru  that  is  taken 
in    the  selection   of  animals    slaughtered   for   food. 
Natives   of  hot  countries   migi-ating  to  cold,    danjp 

form  of  constitutional  weakness,  or  of  a  nairow,  con- 
tracted chest     Whether  heredity  can  do  more  than 
strongly  predispose  to  the  disease  is  very  doubtful. 
Tubercle  has  in  rare  instances  been  tcmiii  vo.  diA^vvsa. 
within  fl  few  days  of  birth,  and.  «ven  \n  X'^Q.'i  i^aVas.. 

1 
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Various  observers  have  obtained  evidence  of  parental 
phthisis  in  from  15  to  30  per  cent,  of  the  cases  coming 
under  their  notice,  but  this  proportion  is  scarcely 
sufficient  to  establish  the  proof  of  heredity.  A  family 
history  of  phthisis  is  obtainable  in  50  per  cent,  of 
hospital  cases  of  this  nature. 

Deaths  from  phthisis  are  most  frequent  in  spring 
(March  and  April),  and  least  so  in  autumn  (September 
and  October).  The  seasonal  curve  of  mortality  is 
therefore  later  than  in  the  ordinary  respiratory 
diseases,  but  it  serves  to  indicate  seasonal  conditions 
accelerating  death  rather  than  those  primarily  induc- 
ing a  disease  of  long  and  uncertain  course. 

Bacteriology, — The  pathogenic  microbe  of  tuber- 
culosis, discovered  by  Koch  in  1882,  is  a  motionless, 
slender,  beaded  bacillus  which,  under  suitable  con- 
ditions, forms  spores.  The  bacilli  are  very  slow  in 
growth  and  multiplication,  taking  one,  two,  or  even 
three  weeks  to  form  a  colony  on  artificial  media,  and 
they  require  for  that  purpose  a  somewhat  high  tem- 
perature, which  must  further  be  maintained  within 
narrow  limits,  about  37*^  to  39°  C.  A  peculiarity  that 
distinguishes  them  from  all  other  bacilli  except  those 
of  leprosy  and  syphilis  is  that  after  staining  with 
f  uchsin  they  are  not  decolorised  by  nitric  acid  (Ziehl- 
Neelsen  method).  They  are  therefore  termed  acid-fast 
There  are  in  addition  to  the  tubercle  bacillus  a  group 
of  acid-fast  bacilli  allied  to  the  streptothrix  family. 
They  possess,  however,  characters  which  differentiate 
them  from  the  tubercle-bacillus.  These  latter  bacilli 
are  found  in  all  tuberculous  lesions,  both  in  man  and 
the  lower  animals.  They  have  been  found  also  in  the 
blood,  and  in  certain  secretions  (milk),  and  they 
abound  in  plithisical  sputa.  Cultivations  if  inocu- 
lated or  injected  into  susceptible  animals  reproduce 
the  disease.  The  bacilli  are  readily  destroyed  by 
many  chemical  or  thermic   means,  and  by  prolonged 
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exposure  to  sunlight,  but  the  spores  are  tenacious  of 
vitality. 

Tuberculoaia  can  be  acquired  by  inouulation,  in- 
halation, or  swallowing.  Inoculation  is  comparatiTely 
rare,  and  usually  causes  a  local  lesion  only.  Inhalation 
would  seem  to  be  by  far  the  most  common  source  of 
infection.  The  bacilli,  or  rather  their  spores,  are 
found  in  air-borne  dust,  especially  in  rooms  inhabited 
by  phtliiaical  persons.  The  dailysputa  of  a  single  patient 
may  contain  many  millions  of  bacilli,  and  drying  for 
months  will  not  destroy  their  virulence.  The  preva- 
lence of  the  pulmonary  form  of  tuberculosis,  and  its 
close  relation  to  air-conditions,  are  not  without  signi- 
ficance, as  pointing  to  air-borne  infection.  A  further 
analogy  to  the  ordinary  infectious  diseases  is  to  be 
found  in  the  strong  evidence  which  has  been  adduced 
by  Ransome  and  others  to  show  that  tuberculosis 
attaches  itself  to  particular  small  localities  ("Tuber- 
culous Infective  Areas "),  hotises,  and  even  i-ooms. 
The  bacilli  have  been  found  not  only  in  the  air  and 
dust,  but  in  the  walls  of  rooms  occupied  by  phthisical 
persons.  Cuat«s  investigated  this  point  in  houses  in 
Manchester,  in  1900,  with  the  following  results  : — 

(1)  Dirty  houses  in  which  a  consumptive  patient 
is  living  who  takes  no  precautions  to  dispose  of  his 
expectoration,  but  spits  freely  upon  the  Hoor  and  into 
his  pocket  handkerchief :  In  66-6  per  cent  of  these 
houses  virulent  tubercle  bacilli  were  found,  showing 
the  large  amount  of  dangerous  infective  materiid 
present  in  an  infect«d  house. 

(2)  Clean  houses  in  which  a  patient  is  living  who 
is  not  suHiciently  careful  as  to  the  disposal  of  his 
sputa  :  In  50  per  cent,  of  these  instances  the  bacillus 
was  found.  It  is  evident  that  ordinary  household 
cleanliness  alone  is  insufficient  to  prevent  the  accamu.- 
lation  of  infective  mateiiai  in  vooros  octMYvei  Xi-J  «■ 
cooaampUve. 
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(3)  Very-  dirty  houaes  in  which  there  had  been  |io 
case  of  consumption  for  some  years :  In  this  dupl  ^ 
house  no  tubercle  bacilli  were  present^  ahowiiig  Ail 
virulent  dust  found  in  cl|u»es  1  and  2  must  have  \fitfk 
due  to  the  presence  of  the  consumptiTe  patient. 

Niven  examined  the  records  of  5,000  deaths  feop 
this  cause  in  Oldham,  and  found  that  whevaaa  ^ 
mathematical  probability  was  that  68  houBes  vovM 
be  invaded  twice,  and  7*6  three  times,  the  acti^ 
numbers  were  274  and  24  respectively.  Miifiy 
other  workers  have  confirmed  this.  The  *^*t^ffTrf* 
areas  occur  chiefly  in  the  worst  parts  of  towiui,  wlbflt 
the  predisposing  conditions  already  referred  to  eadsfci^ 
maximum  intensity.  Whenever  tuberculoiiB  ^pyfyf 
is  allowed  to  dry  l^e  risks  are  therefore  great  tm4f4lf 
dust  so  produced  may  be  inhaled  in  a  virulent  fofjii 
and  lodging  at  one  or  more  points  may  set  up  VBi^iqg 
degrees  of  tuberculosis.  This  broad  &ct  la  fafMBd 
upon  experimental  and  clinical  evidence.  Tubercu- 
losis has  been  produced  experimentally  in  ft-Tiiinnlf  in 
this  way,  and  there  is  clinically  the  overwhelming 
frequency  of  tuberculosis  of  the  lungs  among  men 
exposed  to  this  form  of  infection.  But  Koch, 
Fliigge,  and  others  have  shown  that  not  only  is 
sputum  a  source  of  infection  when  dried  and  pol- 
verised,  but  also  when  disseminated  by  coughing 
shouting,  etc.,  in  the  form  of  minute  moist  particles  of 
spray ."^  Koch  exposed  rabbits,  guinea-pigs,  rats,  and 
mice  to  an  infected  spray  for  half  an  hour  on  three 
successive  days,  and  produced  tuberculosis  in  every 
animal.  Heymann  found  that  such  spray  partioleB 
from  human  beings  inoculated  into  guinea-pigs  pro- 
duced tuberculosis.     Most  of  the  droplets  are  luge 

♦  Mervyn  Goidon  in  this  country  has  confirmed  these  result!  lif 
applying  a  streptococcus  test  for  saliva  (in  which  secretion  10  millka 
i»Creptococci  per  c.c.  may  commotvYY  occwty.    He  linds  that  daring  lo«i 

afteaMng  bacteria  may  be  ptoJectM  \)Y  va^wcva  q^  «,\jX\N«n  «^t«s  %.«EiAn0B 

ot^O  ft. 


Chap.  Xiv.i  Phthisis.  41 1 

and  settle  rapidly,  but  aomo  may  remain  auapendeil  iti 
the  air  for  more  than  an  hour,  retaining,  of  course, 
their  virulent  properties.  Heymann  found  the  dura- 
tion of  life  of  the  baeilli  in  these  droplets  was  eighteen 
days  in  the  dark,  and  three  days  when  exposed  to 
light.  Under  ordinary  ciicum stances  and  an  absence 
of  draughts,  the  zone  of  danger  from  a  coughing  con- 
sumptive extends  to  a  distance  of  about  three  feet. 
It  must  be  remembered  that  the  tubercle  bacilli  in  the 
moist  particles  of  "cougii-spray "  are  prol}ably  of 
higher  virulence  than  those  in  dried  sputum  dust,  and 
therefore  it  seems  reasonable  to  suppose  that  the 
cough-spray  is  one  of  the  most  ready  modes  of  infec- 
tion. The  degree  of  iufectivity  of  phthisis  is  not, 
however,  a  very  high  one.  It  is  a  true  infective 
disease,  but  only  a  sub-infections  one. 

There  is  still  much  doubt  as  to  the  freciuency  of 
direct  infection  from  person  to  pei'son,  but  none  as  to 
its  occasional  occurrence,  or  as  to  the  fact  that  almost 
all  persons  must  frequently  inhale  and  swallow  living 
tubercle- bacUli.  Fortunately  the  microbe  is  very 
slow  in  its  development,  and  exacting  in  its  require- 
ments as  to  temperature  and  surroimdingH,  so  that  the 
vast  majority  that  gain  entrance  to  the  I'espiratory 
tract  are  expelled  or  perish.  The  long  dumtion  of 
the  disease,  the  wide  and  general  difliiaion  of  the 
virus,  the  paramount  imjiortance  of  predisposing  con- 
ditions, and  the  difficulty  of  infection  in  their  absence, 
all  combine  to  render  obxcure  the  time  and  sonrce  of 
infection.  Statistics  are  inconclusive  oven  in  regard 
to   transmission    of   phthisis   between   husband   and 

We  have  previously  referred  to  the  conveyance  of 
tuberculosis  by  milk  and  meat  (see  [)age  106).  The 
risk  of  contracting  tho  disease  by  consuming  tuber- 
culous milk  and  meat  is  undoubted,  Viut  \j\ve  &?»»»» 
does  not  appear  to  be  widely  spread  Vij  \ 
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As  regards  milk,  all  danger  of  infectioii  may  1m 
obviated  by  boiling,  and  prevented  by  Turing  milk 
from  tubercle-free  herds  only  (tested  by  tv^beroMik^ 
which  is  a  glycerine  extract  of  dried  randae  of  yonqg 
cultures  of  tiie  tubercle  bacillus).  The  oooking  to 
which  meat  is  subjected  is  frequently  insnffioieiii  to 
destroy  bacilli  that  may  be  present  in  the  deepen*  parti. 

The  heavy  mortality  among  children  froza  "  tdboi 
mesenterica"  {Ivh&rcuLaflr  periUmUis)  and  iuhermbr 
meningitis  is  urged  as  a  confirmation  of  the  eztmie 
prevalence  of  tubercular  disease,  but  it  is  probaUe 
that  both  of  these  terms  are  employed  in  the  looseii 
way  in  making  out  certificates,  and  it  would  not  lit 
safe  to  place  much  reliance  upon  the  tufaeitinltr 
nature  of  the  majority  of  the  cases  so  certified. 
The  former  disease  Itubercular  periianiiit)  }m 
been  attributed  to  the  consumption  by  ohildm 
of  tul)orculous  milk.  Still,  however,  has  shown  titet 
the  commonest  channel  of  infection  in  tuberculoiiB 
of  children  is  through  the  lung,  and  that  infection 
though  the  intestine,  as  would  occur  if  it  were  milk- 
borne,  is  less  common  in  infancy  than  in  later  child- 
hood. There  is,  however,  substantial  evidence 
that  tuberculous  milk  can  and  does  set  up  some  form 
of  tuberculosis  (bovine  or  human)  in  the  bodies  of 
persons  consuming  it. 

Tuberculosis  often  ends  in  recovery.  The  records 
of  long  series  of  autopsies  of  persons  who  have  died 
of  other  diseases  show  that  traces  of  cured  phthiflie 
are  found  in  a  proportion  variously  estimated  as 
25  per  cent,  and  upwards.  It  is  not  in  any  degree 
protective  against  a  further  attack. 

Bovine    and    Human    Tuberculosis, — Since    the 

discovery    by    Koch     in     1882     of    the     tuberde 

bacillus,    it    has    generally   been    held    that   tuba> 

culosis  in   man   and  aTi\ma\   i&  otv^  \i\i^  \>\\a  same 

disease.     Villemin  (1865)  v^aa  \^v^  ^^«»^  ^  mvas^iwfi^ 
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this  identity  ou  the  results  of  inoculation  of  bovine 
and  liuman  tubercular  matter  into  small  animals. 
Chauveau  (1868)  carried  out  similar  experimenta 
upon  cattle.  Both  workers  were  succeBsful  in  trans- 
mitting the  disfease,  which  produced  similar  effects  in 
the  inoculatei)  animals.  Many  other  workers  have 
obtained  like  results,  which  were  more  op  leas  uni- 
formly in  aupport  of  the  identity  of  bovine  and  human 
tuberculosis.  The  Royal  Commission  on  Tuberculosis, 
1895,  said  :  "  We  regard  the  diwase  as  being  the 
same  disease  in  man  and  the  food  animals,  no  matter 
though  there  are  differences  in  the  one  and  the  other 
in  their  manifestations  of  the  disease ;  and  we 
consider  the  bacilli  of  tubercle  to  form  an  integral 
part  of  the  disease  in  each,  and  (whatever  be  its 
oiigin)  to  be  transmissible  from  man  to  animals  and 
from  animals  to  animals.  Of  such  transmission  there 
exists  a  quantity  of  evidence,  altogether  conclusive, 
derived  from  experiment." 

It  was,  however,  conceded  on  all  hands  that 
tuberculosis  was  a  more  viralent  disease  in  animals 
than  in  man,  and  that  the  bacillus  in  the  two  species 
differed  in  morphological,  biological,  and  pathological 
properties.  In  1901,  at  the  London  Congress  on 
Tuberculosis,  however,  Koch  expressed  the  opinion 
that,  "  human  tuberculosis  differs  from  bovine,  and 
cannot  lie  transmitted  to  cattle,"  and  that  bovine 
tuberculosis  was  scarcely,  if  at  ail,  transmissible  to 
man.  On  the  same  occflsion  counter- evidence  was 
produced  by  MacFadyean,  Ravenel,  Crooksliank,  and 
many  otliers. 

Kopli  bsEOd  his  opinion  iipim  the  negativs  reBulfa  which 
followed  the  feedineof  Hixcowti  witbhuoiHU  tnboiciilarHputum, 
mnking  1  othora  inhiile  human  tubercle  biictlli  and  otheririBO 
infecting  9  more.  Nona  of  tho  10  cattle  aufferod,  ami  ao 
tuberculoeis  was  foimd  in  tJteir  body  \iiiAUe&  ipoit-viuiTtcin. 
^Vben,  bowevoi,  auei  cattle  were  iaiocted  -wWii  Vivum  i\w»»» 
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they  ooubnoted  it.    Bwiiie  were  aln  fed  in  a  nmilax  imj,  Willi 
like  neolta. 

In  1903  Kodi  ^Bin  ampbuind  die  compantlTe  nritf  al 
primary  inlealiiul  tabariHilaHi  in  the  hmnaa  bofaig,  mkI  te 
local,  BB  diatin^iudtsd  from  the  ganenl,  inboti'ra  notoa  •( 
kocidental  Ijovidb  inooalktion  of  man  (titt»rwifa«ti  wmHNi 
wfi«).  In  Iwlated  <»■«■  tiie  newert  lymph  glaiida  iiitfil 
becoma  affeot«d,  but  tb«  diseMO  remalnsd  navn&eleM  »  kari 
one.  Kooh  fiuihar  eipreond  the  viev  tJiat  if  borJoQ  tuberoa^ 
loeU  was  truMmiasible  to  man  by  meana  of  tiie  tnilk  of  coni 
with  tnbercnlous  udden,  it  would  be  leaaoiiKbla  to  Buppal| 
that  "  poops  of  illne»»e«"  would  occnr,  inamaniMr  ntiaJogOBl 
to  other  inteotive  dinaaei,  thonsh  Uie  oitonmib.nceK  woiiU' 
difier  owing  to  Qm  different  lengu  iA  the  immbatiun  periodic' 
By  way  of  illuBtrating  the  nen-infoctiTity  of  borine  tabeniii' 
b^lli  oonTSTed  by  milk,  Kooh  pointe  out  («)  that  bovioa' 
tnbercle  baoilli  must  be  taken  into  the  hnman  tystem  vo^' 
troquently,  as  1 1«  2  per  oent.  of  all  miloh  oowa  siiUar  fron 
tabercoloui  uddera ;  (i)  that  in  addition  to  beiiiL;  lUiuik  & 
considerable  quantity  and  for  long  periods,  such,  milk  in  aM 
widely  distiihuted ;  (e)  that  domeetio  steriliaati  i  in  of  i^lj^ 
does  not  occur  to  any  apprcdablo  extent ;  (i^  Uiiit  thn  e&ra^ 
may  be  euid  of  the  large  dairios;  and  finally  («)  that  if  ■ 


Korous,  the  butter  darind 
IT  these  reuaona  ha  imbb- 
tained  that  any  Tosulling  disease  must  be  widsapread.  T<t 
Koch  has  found  "  instead  of  tha  countless  caees, '  whioh  wb 
ouxht  to  expect,  "  two  groups  of  illnewes  and  2B  iaolated  <■•■ 
of  illnees."  On  examination  he  finds  most  of  these  reoordid 
cases  not  free  ttom  objoctiou.  To  carry  conviction  as  to  milk- 
bomu  tuberouloeis,  Koch  maintains  that  the  following  ook- 
ditioDB  must  be  fulfilled : — [i.)  Certain  proof  of  tuberole  intti 
person  affected;  (ii.J  exclusion  of  other  sourcea of  inf aotiv ; 
(iii.)  the  condition  of  all  the  consumers  of  the  su^ieotad  ndlkj 
(iv.)  the  exact  source  of  the  suspected  milk,  particnlady  ii 
ronpect  to  the  disease  of  the  ndder  of  the  oow  yieldiu;  the 
millc.      Finally,  he  ooncludes   that  all  that  can   be  RMo  it 

C resent  is  that  the  injurious  effects  of  milk  infected  wift 
ovine  tuberculosis  and  its  products  are  not  proven. 

As  a  result  of  the  wide  diSerencea  of  opinin 
revealed  by  the  pronouncement  of  Koch'a  yksm, 
special  CktmmisHioiis  ot  li\':frtr3  -wwa  '-miM^iwi  ik , 
Germany,    Great  Briteiii,  »&&  o"0(i«t   ■mkisA***,'* 
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addition  to  the  individual  research,  work  carried  out 
by  many  workers. 

Kosael,  Weber,  and  Heuas,  who  carried  out  a 
comparattTO  research  upon  tubercle  baciUi  of  different 
origins  for  the  German  Imperial  Health  Office,  made 
a  number  of  experiments  on  taivea  by  injecting  some 
forty  different  strains  of  human  bacilli  and  fifteen 
strains  from  cows,  fowls,  and  swine.  They  conclude 
(1904)  thiit  in  a  preponderating  number  of  cases  of 
human  tiiberculosia  bacilli  occur  which  were  found 
disbinguiahable  from  the  bovine  baciUi  of  perlauehl 
morphologically,  culturally,  and  in  pathogenic  pro- 
]>ertio8,  but  that  exceptionally  in  man  tubercle  bacilli 
occur  which  cannot  1>e  distinguislied.  They  hold  that 
the  possibility  of  infection  in  man  under  certain 
cii-cura stances  by  miJk  from  tuberculous  udderfi  is 
proved.  They  found  that  genei^alized  tuberculoais 
was  produced  in  anininls  by  injecting  strains  of 
tubercle  bacilli  obtained  from  tuberculous  diseases  in 
(ihildren. 

A  Royal  Commission  was  also  appointed  in  this 
country,  and  in  an  interim  report  (1904)  said: — 

"  We  h!i»a  very  carefully  compared  the  disessa  aet  up  in 
the  bovuie  unimiLl  by  material  of  human  origin  with  that 
att  up  in  the  buvino  aniinul  by  matoriul  of  buvino  origin,  and 
80  far  we  bavefoundtho  one,  both  in  its  broad  general  feutures 
and  in  its  Itner  hiutological  details,  to  be  idontical  with  tha 
other.  We  havu  ao  far  failed  to  dietover  any  chaiuoter  by 
which  we  tould  diatinguisli  the  one  fium  the  other." 

Bnbies  (Hy  drop  hob  in) — There  are  two  chief 
forms,  "  furious  "  and  "  paralytic."  The  former  is  the 
commoner  in  dogs.  The  disease  is  comparatively 
rare  in  man,  but  is  one  of  interest  and  importance 
from  the  point  of  view  of  preventive  medicine.  There 
were  761  deaths  from  hydrophobia  in  Eugland  aai 
Wales  between  1866  and  1885,  LancasXiwfc,  \jwft&Rm, 
the  West  Riding,  and  Chealiiie  being  "i^io  ^-rvtitiv^^ 
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<*  foci,"  whence  the  rest  of  the  countrj  was  sulgeotod 
to  repeated  inroads.  There  were  no  deaths  doe  to 
rabies  in  this  country  daring  the  six  yean  1899-1 9M, 
except  two  in  1902.  In  the  decenninin  ended  |890 
there  were  29  deaths  on  an  average  yearly. 

Hydrophobia  causes  most  deaths  at  ages  between 
five  and  fifteen  years ;  more  among  males  than  females; 
and  more  in  late  summer  and  autumn  than  at  odMr 
seasons  (Longataff), 

The  disease  is  imparted  to  man  by  the  faite  of 
rabid  dogs ;  or  more  rarely  of  rabid  cats,  £oze%  ec 
wolves.  The  ordinary  incubation  period  is  riz 
weeks.  It  is  stated  to  have  been  as  short  m 
one  week  in  children  bitten  about  the  faoo.  TJie 
disease  almost  invariably  ends  in  death  within  a  ftw 
days.  It  is  not  known  to  have  been  trKDSii|i|kleil 
from  one  human  being  to  another.  Bites  aboat  Al 
face  are  more  deadly  than  others,  and  in  soek 
cases  the  incubation  is  short.  The  danger  iiat  lea 
when  the  part  bitten  is  protected  by  clothing.  TakiDg 
only  cases  of  bites  by  animals  proved  beyond  doubt  to 
be  rabid  (the  proof  being  the  occurrence  of  a  genuine 
case  of  rabies  in  some  person  or  animal  bitten  by 
tliem  or  inoculated  from  them),  hydrophobia  manifests 
itself  in  about  15  per  cent,  of  the  persons  bitten.  By 
means  to  be  described  presently,  this  mortality  may 
be  greatly  reduced,  and  by  other  preventive  measures 
rabies  can  be,  and  has  been,  stamped  out  altogether. 

Pasteur  discovered  that  the  virus,  though  absent 
from  the  blood,  is  present  in  the  spinal  cord  of  raUd 
animals  as  well  as  in  the  saliva,  and  that  a  portion  of 
the  spinal  cord  of  a  rabid  animal  (or  human  beiiut 
dead  from  hydrophobia),  inoculated  beneath  tlM 
dura  mater  of  a  rabbit,  imparts  the  disease  wiik 
certainty.  This  alone  would  be  important  as  a 
certaia  means  oi  diagaosvs*,  Wt  Pasteur  further 
cfemonstrated  that  tVi^  \\iv\^u\.  wx^^^c^xx^^\kjim^'^|I 
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virulenoe  if  kept  in  perfectly  dry  air,  and  tiiat  this 
attenuation  afforded  a  means  of  curative  or  protective 
inoculation.  He  inoculated  at  short  interyals  with 
successively  more  and  more  virulent  material,  com- 
mencing with  very  attenuated  virus  (14  days  old), 
until  at  last  freah  cord  was  employed.  It  is 
surmised  that  tlie  proteotiou  ia  due  to  a  chemical 
suhstance,  and  not  to  any  real  attenuation  of  the 
microbe.  However  this  may  be,  the  result  of  the 
course  of  inoculations — 30  far  from  causing  rabies, 
aa  a  single  inoculation  with  fresh  rabic  cord  would 
do — is  to  render  dogs  insusceptible  to  i-abiea.  The 
BBme  treatment  ia  now  extensively  practised  in  regard 
to  persona  bitten  by  rabid  animals  ;  and  the  mortality 
among  such,  under  early  treatment,  ia  no  longer  15, 
but  a  fraction  of  I  per  cent.  In  the  decennium 
1893-1902  an  average  of  1,4:50  persons  were  treated 
annually  at  the  Pasteur  Institute  in  Paris  and  the 
rate  of  mortality  was  032  per  1,000. 

The  microbe  lias  not  been  isolated  with  any  cer- 
tainty, although  both  micrococci  and  bacilli  have  been 
found  in  the  mbic  coi'd. 

Rabies  can  be  stamped  out  by  muzzling  all  dogs  for 
a  sufficient  length  of  time.  This  was  done  in  Sweden 
many  years  ago,  and  the  country  remains  free  from. 
rabies.  Less  isolated  countries  are  subject  to  con- 
stant new  importations  of  the  disease  across  the 
frontiers,  but  the  success  of  repressive  measures 
has  been  very  great.  Thus  hydrophobia,  though 
formerly  prevalent,  has  been  unknown  in  Berlin 
sinco  1874,  and  the  Prussian  provinces  are  practically 
free  except  on  the  eastern  (Russian)  frontier, 

In  England    several    local   attempts   were    made 
in  the  same  direction,  but  none  upon  a  large  scale 
until  1890,  when  it  was  made  compulsory  for  a  tia\« 
througliout  Lancashii-e,  Cheshire,  t\iQ  "W  eat  "S-KftMi^, 
and  London,  and  was  followed  by  ttvo    cesBiatVoTi.  Wt 
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rabies.  In  London  muzzlmg  was  adopted  in  1886,  and 
speedily  put  an  end  to  the  prevalenoe  of  rabi^  The 
Rabiw  Order  of  1892,  issned  by  the  Board  ol  .Agti- 
culture,  enables  county  authoritaes  to  rxak»  reg^aiaASou^ 
for  muzzlingf  and  other  preventiye  measures. 

Olamdera  or  farcy,  as  aAectinff  man,  was  onlj  d»> 
scribed  daring  the  last  oentmy.  Although  in  iaolated  inwtaiiOM 
it  has  been  transmitted  from  one  human  being  to  anothor,  U  is 
practically  id  ways  acquired  from  the  horse.  The  Tizns  dosi 
not  appear  to  be  capable  of  atrial  transmisdon,  exorat,  pifihi^^ 
for  very  short  ranges,  and  nothing  is  establishea  as  nyuAi 
conyeotion  by  water  or  milk.  Inoculation  is  the  almiCMt  ia- 
Yuiable  mode  of  infection  so  far  as  man  is  conowned  %  hut  it 
is  probable  that  this  may  sometimes  occur  without  afassado^  of 
skin  or  mucous  membrane.  Among animab  the  diaeaaespiwdl 
rapidly.  It  is  yery  rare  in  man,  bnt  attended  with  an  fiTirniwIf 
high  mortality,  which  is  stated  to  be  not  less  than  60  mr  osttk 
in  chronic  cases,  and  not  far  from  100  per  cent,  in  uMaeoli 
variety.  The  usual  incubation  ranges  from  three  to  el|^ 
days,  and  is  shortest  in  acute  caees.  For  obvious  reaaoui  BMS 
are  much  more  liable  to  glanders  than  women  or  ohildren. 
The  diseaee  affects  the  nasal  and  respiratory  muooua  mem- 
branes, and  also  the  lymphatic  glands.  When  the  latter  an 
attacked  first,  the  disease  is  termed  farcy. 

Anthrax  affects  man  in  two  forms,  external  and 

internal.  External  anthrax,  or  "  malignant  pustule," 
has  its  usual  seat  about  the  face  or  neck,  and  is  no 
doubt  due  to  inoculation.  The  first  local  manifestft- 
tion  is  the  appearance  of  a  papule  or  vesicle,  whidi 
develops  in  the  course  of  a  few  days  into  an  inflamed 
indurated  mass,  with  a  central  black  slough.  Tk 
border  may  be  fringed  with  vesicles  or  inflamed.  Ibi 
surrounding  tissues  and  the  lymphatic  glands  tif 
swollen  and  indurated.  The  disease  may  remain  lood* 
ised,  and  end  in  resolution,  or  at  most  in  suppuratka 
Usually,  however,  constitutional  symptoms  attend  T 
course,  and  general  infection  may  follow.  Occasional] 
iualignant  pustule  supervetie^xji^TLYDLtftrnal  anthn 
Internal  anthrax  ap^peota  lo  \i^  ^^^^  XaSa^aaiaiaaa 
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swallowing  of  the  poison.  After  a  very  variable 
incubation  period,  ranging  perhaps  from  two  to  twelve 
days,  the  early  symptoms  are  chills,  weariness,  de- 
pression, restlessness,  and  a  feeling  of  coOHtriction  in 
the  chest  This  prodromal  stage  may  last  only  a  few 
hours,  but  more  usually  two  to  six  days,  and  then 
graver  symptoms  set  in  suddenly.  The  prostration  be- 
comes exti-eme  ;  pulse  an<i  respiration  are  rapid.  The 
temperature  is  somewhat  elevated,  but  always  liable 
to  sudden  remissions,  accompanied  by  perspiration. 
The  patient  may  die  from  heart-failure,  or  brain 
symptoms  may  become  prominent,  or  pneumonia  or 
diarrhcea  may  supervene.  Remissions  may  occur. 
The  mortality  is  high,  but  recovery  may  happen  even 
in  serious  cases.  The  protection  derived  fi-om  an  attack 
is  very  slight,  if  any. 

Anthrax  received  the  name  of  "  wool-sortera' 
disease"  from  its  prevalence  among  men  erapiojed  in 
sorting  infected  foreign  wool  and  hair.  Tanners, 
butchers,  and  persons  engaged  in  handling  raw  hides 
or  horse-hair  are  liable  to  malignant  pustule. 

Anthrax  attacks  sheep,  goata,  pigs,  cattle,  and 
horses,  and  may  be  communicated  to  mice,  guinea- 
pigs,  and  many  other  animals.  As  in  man,  the 
disease  may  be  either  localised  or  constitutional,  and 
in  the  latter  variety  enlargement  of  the  spleen  is  so 
prominent  a  chai'acteristic  that  anthrax  is  known  as 
"splenic  fever."  A  field  may  become  infected  with 
anthrax,  and  healthy  animals  turned  into  it  after  the 
lapse  of  months,  or  even  years,  may  acquire  the 
disease.  The  infection  is  pi-obably  imparted  to  the 
superficial  layers  of  the  soil  by  the  blood  or  secretions  of 
afiected  animals,  in  which  the  I'eaistant  spores  form. 
Pasteur  suggested  that  the  spores  from  buried  cai-cases 
are  brought  to  the  surface  by  earth-worms,  b\it  K-Vot 
has  found  that  sjxires  are  not  forraed  uoiet  WivAi  ck 
ditioiis,  and  that  within  a  week  a\V  \«vc,\\\\  a-'ft^  * 
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infecdTity  have  been  destroyed  by  patreiaottQii,  if  ilie 
carcase  is  bmed  intact  Other  sources  of  infectikm 
of  animals  are  the  use  of  infected  dust  or  other  trade 
refuse  as  manure,  and  drinking  from  streams  reoeivisg 
infected  trade  effluents. 

Although  exact  evidence  is  wanting,  it  may  be 
assumed  t^At  anthrax  can  be  acquired  by  eating  tiie 
flesh  of  diseased  animals.  The  usual  modes  of  ^infieo- 
tion  in  man  are  by  inoculation  and  inhalation,  and  it 
has  been  suggested  that  the  poison  may  be  oairied  faj 
flies  and  other  insects. 

Bcusteriohgy, — The  pathogenic    organism    is  UiA 
BacUlua  anthiwds,  which  forms  spores  when  expoaed 
to  air.     The  bacillus,  which  grows  readily  on  ordiiiafey 
media,  is  square-ended,  1  fi  broad  and  4-5  long,  som^ 
times  in  filaments;  aerobic,  uon-motile,  liquefying; 
chiefly    occurriDg    in     spleen    and    blood      stream, 
and    readily    destroyed     by   heat    or    other    disin- 
fecting agencies,   though  the  spores  are   exla^emelf 
resistant.     It  has  been  found  that  animals  can  be 
infected  by  inhaling  or  swallowing  the  spores,  but  not 
bj  the  bacilli  unless  there  is  some  abrasion  such  as  to 
allow  practically  of  inoculation.     Bacilli  are  destroyed 
by  the  gastric  juice,  spores  are  not.     A  further  nuuM 
difference  between  bacilli  and  spores  is  shown  by  the 
results  of  inoculation  (Klein).     The  former   cause  t 
slight  and  localised  form  of  the  disease,  the  latter  l| 
severe  constitutional  malady,  which  is  usually  firfaLJ 
Thus,  the  fresh  blood  of  a  mouse  dead   of   ani 
contains    bacilli   only,   but    upon    exposure     to 
or   artificial  cultivation,    spores  are   readily   foi 
Inoculation  of  the  fresh  blood  into  sheep  is  foll< 
by  slight  local  anthrax,  but  if  blood  containing  spo 
is    used   a  fatal  attack   ensues.      Moreover,   if  ♦ 
animals  of  the  same.  s^eft\fi»  s>x^  inoculated,  one  i 
spores  of  a  brotih  cu\tocft  wadi  \)Si^  Q\)!afex  V^\iqiq!(jB 
a  gelatine  cultute,  t\i^  \>\wA  \i^csJ^  ^'l  'O&aX^iauet 
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be  more  attenuated  than  the  fovmer.  But  apart 
from  this,  antliiiiit  virus  varies  in  iiiteimity  docording 
to  the  animal  from  which  it  is  taken.  Comparing  the 
results  of  inoculation  with  vims  from  mice,  guineft- 
pigs,  sheep,  and  cattle,  it  is  found  that  virulence 
increases  in  the  oi-der  stated,  mouxe  anthrax  being  the 
least  and  cattle  anthrax  the  most  potent. 

Martin  has  sbown  that  the  Bacillus  anthraeig  pro- 
duces albumoses,  wbich  in  turn  yield  toxins  much 
more  virulent  than  themselves.  Sclavo  of  Siena  has 
prepared  an  anti-anthrax  serum  from  which  excellent 
results  have  been  obtained,  i-educing  case  mortality 
from  24  to  6  per  cent.  Tlie  animal  used  for  immuni- 
sation is  the  aas,  which  is  inoculated  with  slowly 
increasing  doses  of  virulent  cultures  of  the  anthrax 
bacillus.  Blood  is  drawn  from  the  left  jugular  vein, 
and  after  clotting  the  serum  is  decanted  and  ether 
added  to  the  extent  of  3  per  cent,  of  the  whole  bulk. 
The  serum  is  then  bottled  with  antiseptic  precautions 
in  lOce.  tubes. 

In  external  anthrax  early  excision  is  of  the 
greatest  importance,  and  usually  results  in  recovery. 
Cases  of  anthrax  in  horses,  cattle,  sheep,  pigs,  etc., 
are  dealt  with  under  the  Aiithmx  Order  of  1899, 
issued  by  the  Board  of  Agriculture.  The  owner  reports 
the  outbreak  to  the  ina|)ector  specially  appointed  for 
the  purpose  by  the  local  authority.  It  is  the  inspec- 
tor's duty  to  inform  the  M.O.H.  and  to  direct  pre- 
cautionary measures  as  to  isolation,  disinfection, 
and  destruction  of  the  cai-case,  as  prescribed  in  the 
Order. 

TelnniiB. — Tetanus  occurs  in  man  and  horses 
b  most  commonly,  though  it  may  affect  other  animals, 
s  Thei'e  is  usually  a  wound,  often  an  insignificant  one, 
eJ  which  may  occur  in  any  part  of  the  body,  but  is  nearly 
►always  on  one  or  other  of  the  limba,  1.1  \a -noX,  "iae. 
"locttlity  of  the   wound  nor   its  aiie  \j\ibX,  aStteVa  '^^ 
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disease.  Wounds  which  are  jagged,  and  occurring  in 
absorptive  tissues,  are  those  most  fitted  to  allow  the 
entrance  of  the  bacillus.  The  wound  forms  a  local 
manufactory,  so  to  speak,  of  the  bacillus  and  its 
secreted  poisons ;  the  bacillus  remains  in  the  wound, 
but  .the  toxins  may  pass  throughout  the  body,  and  are 
especially  absorbed  by  the  cells  of  the  central  nervous 
system.  Suppuration  generally  occurs  in  the  wound. 
After  a  few  days  or,  it  may  be,  as  much  as  a  fortnight, 
when  the  primary  wound  may  be  almost  forgotten, 
general  symptoms  occur.  Their  appearance  is  often 
the  first  sign  of  the  disease.  Stiffness  of  the  neck  and 
facial  muscles,  including  the  muscles  of  the  jaw,  is  the 
most  prominent  sign.  This  is  rapidly  followed  by 
spasms  and  local  convulsions,  which,  when  affecting 
the  respiratory  or  alimentary  tract,  may  cause  a  fatal 
result.  Fever  and  increased  rate  of  pulse  and  respir- 
ation are  further  signs  of  the  disease  becoming  general 
After  death,  which  results  in  the  majority  of  cases^ 
there  is  very  little  to  show  the  cause  of  fatality.  The 
wound  is  observable,  and  patches  of  congestion  may 
be  found  on  different  parts  of  the  nervous  system, 
particularly  the  medulla  (grey  matter),  pons,  and  even 
cerebellum.  The  experience  of  the  Pasteur  Institute 
tends  to  support  the  theory  that  tetanus  is  a 
"nervous"  disease,  more  or  less  allied  to  rabies, 
and  is  best  treated  by  intra-cerebral  injection  of 
antitoxin,  which  then  has  an  opportunity  of  oppos- 
ing the  toxins  at  their  favourite  site.  The  toxins 
diffuse  throughout  the  tissues  of  the  body,  but  par- 
ticularly affect  the  spinal  cord.  The  long  incubation 
period  indicates  that  the  toxins  are  probably  produced 
by  a  ferment  which  is  a  most  powerful  poison. 

Tetanus  bacilli  spores  have  been  found  in  conr 
siderable  quantities  in  the  dust  of  dry  jute  fibre 
{Andrewes),  and  various  cases  are  on  record  where 
the  disease  has  been  contracted  in  jute  mills.     IjBggo 
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attributes  the  presence  of  the  bacilli  to   the  soil  in 
which  the  jute  is  grown  in  Bengal 

In  the  wound  the  bacillus  is  present  in  largo 
numbers,  but  mixed  up  with  a  great  variety  of  sup- 
pui*ative  bacteria  and  extraneous  organisms.  It  is  a 
straight  short  rod  with  rounded  ends,  occurring  singly 
or  in  pairs  or  threads,  and  slightly  motile.  Flagella 
may  be  demonstrated  (lateral  and  terminal).  Branching 
also  has  been  described.  Indeed,  it  would  appear  that, 
like  the  bacillus  of  tubercle,  this  organism  has  various 
polymorphic  forms.  A  large  round  spore  occurs  at 
one  or  other  pole  of  the  bacillus  ("  drumstick " 
appearance).  The  spores  are  very  resistant.  The 
bacillus  is  an  anaerobe,  and  grows  at  blood  heat.  In 
some  soils  it  is  common,  and  infection  has  frequently 
been  derived  from  dust  in  jute  factories,  etc.  The 
disease  is  more  common  in  hot  countries  than  in 
temperate  climates,  and  can  frequently  be  induced 
in  animals  experimentally,  by  inoculation  of  a  little 
garden  earth,  manure,  refuse,  or  soil. 
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CHAPTER     XV. 

Tropical  Disea.ses. 

In  this  chapter  will  be  considered  briefly  some  of  tlie 
chief  tropical  diseases.  Many  diseases,  such  as 
pneumonia,  diarrhoea,  relapsing  fever,  typhus  and 
typhoid,  occur  of  course  in  sub-tropical  and  tropical 
countries ;  but  such  diseases  as  cholera,  yellow  fever, 
plague,  malaria,  and  leprosy  may  rightly  be  con- 
sidered as  more  correctly  "  tropical ''  diseases. 

Asiatic  cholera  has  its  endemic  area  in  certain 
parts  of  India,  including  the  delta  of  the  Ganges. 
The  first  great  epidemic  in  India  occurred  in  1817. 
At  irregular  intervals  it  spreads  in  epidemic  or  pan- 
demic form  over  a  great  part  of  the  world.  It 
follows  the  lines  of  traffic  by  land  or  water,  but  no 
reason  has  been  found  for  the  apparently  capricious 
selection  of  some  routes  and  omission  of  others.  The 
invasion  of  each  new  country  along  its  line  of  march 
is  almost  invariablv  traceable  to  infection  through 
some  point  of  communication  with  a  country  already 
attacked.  In  temperate  climates  the  outbreak  often 
subsides  or  disappears  in  winter,  but  frequently  re- 
appears with  the  warm  weather  in  the  late  spring 
or  early  summer ;  and  may  even  recur  again  in  the. 
third  year,  apparently  without  fresh  introduction. 

Cholera  gained  a  firm  footing  in  England  on  four  occasions, 
viz.  1831-2,  1848-9,  1853-4,  and  1865-6,  the  epidemic  extension 
from  India  having  occupied  respectively  five,  two,  one,  and 
two  years  in  transit. 

In  1831  infection  was  carried  to  Sunderland  and  Newcastle, 
from  Baltic  ports,  in  Oclobei,  ^T\<i  m  Wva  course  of  the  next 
year  caused   great  mortalily  WvTcow^VvivVt  W^  YYcv«,$i.w«\.    'the 
I'stem  of  roijistration  oi  deaV^ia  vc^a  tvo\,\Xv^xv  \^  ^>^'et'c\N:\Q\v^\j^ 
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according  to  Hiraoh,  tlie  totnl  mortality  in  England  iraa 
30,924.  In  1848  Hull  wns  infooted  from  Hamburg  B«rly  in 
Octobar,  and  Ihe  diaeaae  at  onco  eproad.  Only  988  denths  wees 
recorded  in  EnRland  (mm  October  to  Marti,  bat  the  epidemic 
made  mpid  pragress  in  the  Biimmer,  and  Wore  its  final  dis- 
apficaTaace  in  DecemW,  1849,  it  had  cnused  fi3,293  deaths, 
beaidea  a  heavj  diarrhcea  mortality,  part  of  wbioh  niay  ba 
supposed  to  have  been  due  to  cholera.  In  1853-4  the  invasion  was 
agmn  from  Germany,  London  being  attacked  in  Aiignat.  The 
outbreak  continued  through  the  winter,  eapeciallj*  in  the  north  ; 
became  more  active  in  July,  1834,  and  overran  the  country, 
causing  during  the  ytuir  20,097  deaths  in  England  and  Waloa. 
The  1865-8  epidemic  was  milder,  but  Btill  resulti-d  in  14,378 
deathe. 

On  several  other  occasionn  the  diseaae  hne  invaded  Europe, 
but  failed  to  teach  England,  notably  in  1871-4  and  1884-7.  In 
1892  it  again  gpr^.-ad  to  many  piirts  of  Western  Europe,  notably 
Harabuig,  but  apart  from  imported  cases  none  appeared  i' 
England   until    September.   1893,   when   a    few  occurred  a 


Climate,  aeaaon,  and  temperature. — Heat  m  a  pre- 
diapoaing  eondition  of  great  irapovtance,  but  cold  does 
not  necessarily  arrest  the  disease.  Severe  epidemica 
have  occurred  in  Swedea  and  Russia  io  the  depth  of 
winter. 

Evon  in  India  the  seasonal  carve  of  choluia  prevalence  is 
by  no  menna  always  parallel  with  that  of  temperatuto.     In 
Bombay  the  maximum  of  cholera  deaths  is  in  April;  in  the 
N.  W.  Provincoa  and  the  Deccan  in  Augast ;    in  Madras  there 
aro  two  maxima,  in  February  and  September ;  and  in  Calcutta 
a.  chief  maximnm  in  April  and  a  smaller  one  in  November. 
In  all  these  regions,  except  one,  the  highest  mean  temperatil 
id  reached  in  May ;  in  the  N.W.  it  is  in  June.      In  Madi 
chuliii'a  mortality  iaat  its  minimum  in  June,  whoa  the  m« 
temperature  is  ut  its  highest.     In  Enrope,  as  a  rule,  epidem 
attain  their  maximum  in  Auirust,  but  sometimes  in  Septem 
July, 


ft:' 


RainfaU  also  has  a  marked  iiiflueuuu 
ivalence  of  cholera,  and  auppUea  a  c\wo  V 
disoivpancies  mentioned  a\iove,     \^^ 
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onset  of  the  rainy  season  in  April  and  May  is 
attended  with  lowered  cholera  prevalence,  although 
the  temperature  is  still  rising ;  and  cholera  increases 
again  in  November,  when  the  rains  terminate, 
although  the  temperature  is  then  falling.  In  the 
N.  W.  Provinces  the  maximum  cholera  mortality 
coincides  with  the  maximum  rainfall  in  August,  two 
months  later  than  the  highest  mean  temperature. 
Outbreaks  during  the  dry  season  in  the  N.  W.  are 
usually  associated  with  sudden  rains.  Both  tempera- 
ture and  rainfall  are  indirect  or  predisposing  causes 
only,  and  the  maximum  of  either  may  actually 
coincide  with  small  prevalence  of  cholera.  This 
is  readily  explained  if  we  assume,  with  Pettenkofer, 
that  moisture  of  the  soil  (as  distinguished  from 
dryness  or  saturation),  heat,  aeration,  the  presence 
of  organic  matter,  and  fche  specific  poison  itself,  are 
the  essential  telluric  conditions  for  the  propagation 
of  cholera.  Kainfall  sufficient  to  saturate  the  soil 
(i.e.  to  raise  the  level  of  the  ground  water)  will  tend 
to  arrest  cholera,  however  high  the  temperature  may 
be  ;  but  so  long  as  it  merely  moistens  a  previously  dry 
soil,  the  other  conditions  being  present,  rain  is  apt 
to  induce  an  outbreak.  Given  a  moist  soil,  pro- 
longed heat  and  drought  may  be  the  conditions 
most  conducive  to  cholera. 

Soil. — A  direct    relation  between  earth  tempera- 
ture, at  a  depth  of  3  to  6  feet,  and  the  prevalence  of 
cholera    during   an    epidemic,  has   been    affirmed  by 
PfeifFer  as  regards  England  and  Prussia.     Pollution, 
and  especially  animal  pollution,  of  the  soil  is  doubtless 
an  important  factor.     The  subsoil  water,  according  to 
Pettenkofer,  by  its  movement  affects  very  materially 
the  development  of  cholera  as  well  as  enteric  fever. 
In  Si  dry  J  porous  soil  its  influence  may  be  trifling,  but 
in   general    its   fall — especiaWy  ^^.t^v   ^x^^t  height — 
leaves  the  soil   above  it  TaoVs^  vxwOi  ^'b^^X.^^^  ^^^  \^ 
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K  ^erefore  favourable  to  cholera  if  the  other  conditions 

|P  Are  present     Its  rise  to  a  high  level  has  the  reverse 

"    effect.     The    level    of  the  ground  water  in  Calcutta 

is  Iiighest  in  September,  lowest  in  May,  and  therefore 

accords  closely  with  the  inverse  relation    to  cholera 

affii-med  by  Pettenkofer. 

Epidemics  are  especially  apt  to  follow  the  l)anks 
of  rivers  and  lake^  whether  navigable  or  not.  Hilly 
regions  seem  to  escape  fi"equently,  although  outbreaks 
may  occur  on  high  ground.  The  influence  of  eleva- 
tion is  often  recognisable  even  in  the  distribution  of 
cholera  in  a  single  town. 

Particular  quarters,  atreeta,  and  even  houses  are 
often  selected  for  attack  in  a  town  invaded  by  cholera, 
and  the  selection  can  usually  be  explained  by  the 
existence  ot  some  filth  condition  in  or  about  the  houses, 
some  pollution  of  water  supply,  or  other  insanitary 
;     ccmdition. 

to        Srinking-toaler  has  been  closely  associated  with 
B:«everal  outbreaks  of  cholera,  in  England  and    India. 

A  tew  clnsaical  inBtanl^es  mity  be  quoted  here.  The  IS49 
epidemic  was  very  fu.tuJ  in  h  part  of  London,  supplied  mainly 
by  two  water  compsniea — the  Southwark  and  the  Lamhoth — - 
both  of  which  distributed  polluted  Thamoa  water  after  Imper- 
fect filtration.  Tho  incidence  of  cholera  waa  aubalantiitlly  the 
same  upon  tho  customers  of  bath  cotnpanieB,  whoaa  mains 
Hupplied  Ihs  same  diatiicts  and  even  houses  in  the  earns  streets. 
In  1851,  however,  the  population  supplied  by  the  Southwarfc 
Company  suSeied  in  14  weeks  a  mortality  from  ohotera  of  13'0 
per  1,0(H),  and  the  cuatomcrs  of  the  Lambeth  Company  only 
37  per  1,000.  The  disease  singled  out  the  houaea  auppbed  by 
the  I^authwark  Company,  whoie  intake  remained  as  in  184!) ; 
while  the  Lambeth  Company  had  in  the  menntinie  obtained  a. 
purer  supply  from  a  point  many  miles  higher  up  tho  river. 

The  ISdG  epidemic  in  London  tbiofly  affected  Poplar,  and 
Netten  Kadcliffe  found  a  similarly  close  coincidence  between 
the  area  nifected  and  the  distribution  of  polluted  watei  b^  Ussi 
East    London     Comjuiny.     In   1854   a  suiiiciv    Mii  "wlw.-osa 
outbreak  occurred  nmODg  the  inhabitants  ot  a  sm^Si  b.tw>-"OS«^ 
Golden  Square,  upiparJa  of  40O  peraoiiB  te'inie  aVVatVei        ''^■' 
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five  dajra.  The  inoidenoe  of  the  disease  was  limited  to  fhoae 
wlio  had  dnmk  the  water  from  a  pnmp  in  Gk>ldeii  Square:— 
indndiiig  penons  residing:  at  a  distance  who  had  sent  for  tihe 
water — and  npon  inve6(%ati<m  the  well  was  found  to  be 
pollotod  with  sewage.  A  hm  fatal  oases  had  oocurred  in  the 
yicinily  during  the  month  previous  to  the  outbreak,  and  tiaore 
was  strong  probability  of  specific  pollution  of  the  welL 

More  recently,  the  experience  of  Hamburg,  Altona  and 
other  plaoes,  has  afforded  further  proof  of  the  poesibiHty  of 
conYOotion  of  cholera  on  a  large  scale  by  drinking-water. 

Air  has  bden  r^^arded  as  the  usual  means  of  oon- 
vection,  but  tkere  is  no  clear  evidence  of  thiSi  and 
many  facts  are  opposed  to  it. 

Bace, — The  incidence  and  severity  are  greater 
among  negroeii  than  Europeans,  but  apparency  leas 
among  natives  of  hot  countries  in  wbich  cholera 
occurs  than  among  European  settlers. 

InBonikMry  canditumg  of  air,  water,  food  (in- 
cluding milk),  soil,  drainage,  and  housing  determine 
the  points  of  attack.  Hence  the  disease  attacks  more 
especially  the  poorest  quarters  of  towns.  Excre- 
mental  filth  is  most  dangerous  of  all. 

The  poison  doubtless  gains  access  to  the  system 
by  inhalation  or  swallowing.  The  incubation  period 
is  stated  to  be  usually  a  few  hours  to  three  days,  but 
may  reach  ten  or  even  twenty  days  (Farkes),  The 
mortality  is,  as  a  rule,  not  far  short  of  50  per  cent,  of 
the  cases,  and  may  be  greater.  Infection  is  given  off 
in  the  discharges  from  the  bowels,  and  probably  in  the 
vomit  also.     These  may  infect  water,  soil,  or  fomites. 

Bacteriology, — Koch  isolated  from  cholera  dis- 
charges a  microbe  which  from  its  shape  received  the 
name  of  "comma"  bacillus.  It  is  a  curved  rod, 
often  about  half  the  length  of  the  tubercle  bacillus, 
and  motile.  Strictly  speaking,  the  "comma"  bacilli 
are  segments  of  a  spirillum  or  vibrio,  and  not  true 
bacillt  They  are  present  m  <^<Aet^\c  ^N^f^xv^tions, 
irenerallj,    if  nob  always,  m  a^^rOCtosv  iotm.    '^^wsi 
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occur  in  the  intestiual  wull  and  in  the  dutached 
flakes  of  mucous  membi-ane,  in  which  they  often  lie  in 
parallel  arrange  meat,  creating  the  "  fish  in  sti-eain 
ap|>earance  "  under  the  microscope,  They  do  not 
occur  in  the  blood,  and  but  little  In  the  bo^ly 
generally.  They  have  been  found  in  wells  polluted 
by  choleraic  excreta.  Tliey  can  be  i-eadily  culti- 
vated, and  have  a  charact entitle  mode  of  growth ; 
they  flourish  in  sewage,  and  have  been  found  to 
survive  for  81  days  in  Marseilles  harbour  water,  but 
disappear  in  a  few  days  from  pui*e  water  {Franklantt). 
The  bacillus  liquefies  gelatine  and  grows  in  in- 
volution forma,  but  does  not  prodnce  spores.  It  ia 
stained  by  ordinary  aniline  dyes  but  not  by  Oram's 
method.  lu  cultures  it  grows  aecobically,  and  pro- 
duces nitrates,  but  can  be  acclimatised  to  anaerobic 
conditions,  and  is  then  more  virulent  but  less 
resistant.  The  organism  produces  characteristic 
..growth  on  the  ordinary  media  and  produces  indol, 
t-JWhich,  with  the  nitrates,  gives  a  red  reaction  on 
'  addition  of  sulphuric  acid  (nitroao-indol).  This  test 
ia  known  as  "  the  cholera-red  reaction."  The  bacilli 
are  killed  by  acid  liquids,  so  that  they  cannot  live  in 
presence  of  the  acid  gastric  juice,  but  it  has  been 
shown  that  the  contents  of  the  stomach  may  remain 
'jSlkaline  if  only  liquids  are  taken.  Koch  neutralised 
juice  of  fasting  guinea-pigs  by  alkali, 
lecbed  the  peristalsis  by  opium,  and  then  introduced 
Itivations  of  "  comma "  bacilli  into  the  stomach. 
limals  died  in  a  day  or  two,  the  intestines 
filled  with  fluid  containing  iiurabere  of 
bacilli.  Infected  water  and  milk,  and  in 
{me  case  an  artificial  culture,  have  been  found  to 
convey  infection.  It  is  possible  also  infection  may 
occasionally  occur  through  tlie  respiratory  tract,  tiiit 
this  is  certainly  not  the  ordinary  [aode. 

""     "        ma"  bacillus  is  reiw\i\y  ^ievXvo'jftC^^■''J^'*■'^ 
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or  other  disinfectants,  or  by  mere  drying.  The 
organism  can,  however,  resist  cold.  Spores,  if  ever 
formed,  would  doubtless  be  more  resistant.  Em- 
merich has  found  in  cholera  evacuations  another  still 
more  minute  bacillus,  straight  and  immobile,  which 
he  regards  as  pathogenic  in  cholera. 

That  the  comma  bacillus  is  pathogenic  in  Asiatic 
cholera  seems  to  be  proved  by  the  unintentional 
infection  of  a  worker  in  Koch's  laboratory  from 
a  culture  of  comma  bacilli,  under  conditions  that 
excluded  other  sources  of  infection.  This  bacillus  has 
been  "intensified"  in  various  ways,  and  is  then  patho- 
genic to  lower  animals,  including  dogs  and  rabbits. 
It  has  also  been  attenuated,  and  a  protective 
"  vaccine "  has  been  obtained.  Haflfkine  prepares 
two  vaccines,  the  weaker  of  which  is  made  from 
cultures  of  the  bacillus  attenuated  and  the  virus 
exaltd  from  similar  cultures  the  virulence  of  which  has 
been  increased  by  passage  through  animals.  The  first 
vaccine  is  inoculated  and  followed,  three  or  four  days 
afterwards,  by  the  second. 

Broadly,  the  reasons  for  believing  Koch's 
comma  bacillus  to  be  the  cause  of  cholera  are 
(a)  its  constant  presence  in  cases  of  the  disease, 
(6)  the  results  of  accidental  infection,  (c)  the  agglu- 
tinative and  protective  properties  of  the  serums  of 
cholera  patients,  and  {d)  the  result  of  Hafi'kine's  pre- 
ventive inoculation  with  his  two  vaccines. 

Cholera  nostras  is  the  name  given  to  a  form  of 
diarrhoea  endemic  in  Egypt  and  elsewhere.  It  does 
not  spread  in  epidemic  form,  nor  does  it  cause  high 
mortality.  Finkler  and  Prior  have  detected  in  the 
evacuations  a  "comma"  bacillus,  which,  however, 
differs  in  size  and  mode  of  growth  from  Koch's. 

Yello^x  fever  has  its  endemic  areas  in  the  West 
Indies  and  certain  parta  ol  \)t\^  '^^^\a«ji  and  West 
African  coasts,  and  irec\ueivt  «ocv^  m\*«tv^^  ^'^\^«a^^ 
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occur   between    33°   N.    and   23°   S.— that  is,    from 

Charleston  to  Rio  Janeiro.    It  is,  therefore,  essentially 

a  tropical  dlsenBe,  but  has   occasionally  occurred   iu 

epidemic  form,  as  far  north  as  43°  !N.,  at  Leghorn  and 

at  Portsmouth  in  New  Hampshire,  and  a  few  isolated 

eases  occurred  at  Swansea  (51°  N.)  in   186i  among 

yersona  who  came  into  direct  contact  with  infected 

_I^Bsels.     Among  European  countries  only  Spain  and 

■Portugal  come  practically  within  its  epidemic  range. 

■Infected   ships   reach  European  ports,    but   without 

causing  any  spread  of  the  disease. 

Id  tho  QDdemlc  nrea  the  gi'eatoet  prcviiletico  ia  between 
April  &nd  Seplember^  tint  in  highei:  latitudes  the  epidemics 
occur  in  summer  and  Butumn,  beginning  usually  in  July  and 
August  and  necer  lanting  beyond  Decembai'.  It  ia  only 
endemit  in  regions  where  the  mean  teinperuturs  reflches  20°  C. 
(fiS°  F.),  Rnd  epidemics  do  not  as  a  rule  occur  in  any  latitude 
unless  tha  temperHture  is  above  that  point.  A  fall  below 
'Its'  C,  however,  will  not  necessarily  nrreet  the  course  of  an 
epidemic  when  onue  begun,  though  it  will  umially  cause  a 
[dDiiEeiou,  but  frost  always  arrests  it  more  or  less  completely- 
According  to  Hirsch,  atmospheric  humidity  and  ratDfuU  are  as 
a.  rule  favoumhle  to  yellow  fever,  unless  ac<tompaiued  by  great 
lowering  of  temperature.  With  few  esceptionB  the  incidence 
of  the  disease  is  limited  to  the  sea  ooast  and  the  shores  of 
great  navigable  rivers;  only  iu  intense  epidemics  does  it  affect 
elevated  points.  Even  in  the  West  Indies  it  rarely  eitenda  as 
high  as  70U  feet  above  the  sea, 

k        Yellow  fever  is  a  disease  of  towns,  and  has  a  strong 
Btendency  to  localise  itself  in  certain  quarters,  streets, 
or  blocks  of  houses.     Successive  epidemics  frequently 
single  out  the  same  local  foci.     As  a  rule  these  are  in 
the  filthiest  and  most  crowded  parts,  where  insanitary 
conditions  of  every  kind  abound,  and  more  especially 
exoremental   pollution  of    the  air,   soil,    and    water. 
Outbreaks  frequently  occur  on  board  ship,  and  if  viru- 
lent are  usually  associated  with  similar  filth  conditions. 
Telluric  conditions  have  probabVj  wime. '■ai&afei^.cei. 
That  it  ia  not    known  to  be   conveyeS.  V^    &.-c\i^«isi% 
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water.     Some  authorities  believe  that  wind  can  eany 
the  infection  for  short  distances. 

'Segcoes^  and  perhaps  also  Chinese,  have  a  re- 
markable immunity  from  yellow  fever.  Btrangers  of 
other  races,  and  especially  those  from  temperate 
climates,  are  very  liable  to  attack.  They  may  acquire 
a  considerable  and  increasing  degree  of  immunity 
by  '' acclimatisation,''  but  for  l^is  it  appears  to 
be  essential  that  they  reside  in  a  yellow-fever  dis- 
trict for  some  years,  including  an  epidemic  period. 
It  is  possible  that  natives  gain  their  immuxiity 
in  the  same  way  during  childhood.  Those  who 
have  undergone  an  attache  are  safest  of  alL  It 
seems,  however,  that  n^;roes  as  well  as  other  penons 
may  lose  their  immunity  by  a  few  years'  residenoe  in 
temperate  climates,  and  even  by  migration  from  ane 
yellow-fever  district  to  another.  Both  susceptibility 
and  severity  of  attack  are  found  to  increase  in  inverse 
proportion  to  the  temperature  of  the  native  country. 
In  Guiana  the  case  mortality  among  West  Indians  was 
7  per  cent,  Italians  and  French  17  per  cent.,  English 
19  per  cent.,  Qermans  and  Dutch  20  per  cent., 
Scandinavians  and  Russians  28  per  cent.  Young  and 
vigorous  persons  are  said  to  be  especially  liable  to 
attack,  and  men  more  so  than  women. 

Yellow  fever  follows  almost  exclusively  the  lines 
of  maritime  traffic,  and  is  not  carried  far  by  land.  It 
is  certain  that  ships  may  become  infected  and  retain 
the  infection  with  much  tenacity,  and  baggage  and 
other  fomites  have  been  known  to  convey  infection 
without  the  intervention  of  infected  persons.  That  a 
person  whether  infected  or  not  may  carry  the  in- 
fection with  him  appears  to  be  undoubted,  but  the 
most  intimate  contact  with  the  sick,  wearing  their 
unwashed  clothes,  occupying  the  same  beds,  making 

autopsies^  and  eveninoc\\\.atvn!^^i^Ev^  Nc>T!(v\\>^'KAi^^«o  it  is 

alleged,  fail  to  impart  t\ve  d\^e».^. 
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The  incubation  ia  stated  to  vary  greatly,  from 
two  or  three  to  fourteen  or  sixteen  days.  The 
attack  ia  sndden,  with  high  fever  and  intense  head- 
ache and  lumhar  and  spinal  pains.  Yoniituig  sets  in 
early,  becomes  incessant,  and  in  tliree  or  four  days 
blood  is  seen  in  the  vomited  matter,  and  often  in  the 
freces.  The  urine  ia  albuminous,  and  scanty  or  sup- 
pressed. Jaundice  follows,  and  the  patient  passes  into 
a  typhoid  state.  A  large  proportion  of  the  cases 
and  fatally,  the  rest  in  lysis  and  convalescence  in 
Ik    two  or  three  weeks, 

Uatteriohgy. — The  etiology  of  yellow  fever  is 
obscure,  but  two  theories  share  at  the  present  time 
ne  chief  support ;  the  first  is  that  the  disease  is  due 
to  Santirelli's  Bacillus  icteroides,  the  second  {and 
More  probable)  that  it  is  due  to  a  protozoan  parasit*, 
(lOnveyed  by  a  species  of  mosquito. 

Sanarelii'a  bacillua  is  an  anaerobic,  motile,  non- 
ifiquefying,  resistant  organism,  obtained  from  the 
ifclood  and  tissues  {not  the  alimentary  canal)  of 
"leraons  suffering  from  yellow  fever.  It  grows  on 
Wdinary  media  and  ferments  sugar.  It  is  decolorised 
Sy  Gram's  staining  method.  Sanarelli  holds  that 
Qulda  are  the  "natural  protectors"  of  the  bacillus. 

In  1901  the  United  States  Army  Commission 
reported  that  whilst  B.  icteroides  was  not  always 
j)resent  ia  yellow  fever,  the  blood  appeared  to  contain 
^he  virus,  and  retained  it  after  being  passed  through 
R  Berkefeld  filter.  The  commission  further  reported 
(bat  the  disease  was  not  communicable  by  direct 
tontact,  but  probably  by  mosquitoes,  as  in  malaria. 
*rhe  species  of  mosquito  suspected  was  the  Stegomyia 
fc^aialu..  Preventive  measures  were  adopted  in 
Havana  on  the  mosquito  hypothesis,  with  the  re- 
markable result  that  the  disease  was  stami^ftd.  q\A.. 
Guiteras  of  Havuna  has  carried  out  Sattilife'c  eit^^V 
*  xaeitts    which    ponfirni     many    ot    t\ve  Cmt\w\\«svo\OViJ 
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findings,  and,  in  particular,  ihe  tranamiwrion  of  tlw 
disease  by  mosquitoesi  A  United  StatM  Jkmy 
Expedition  reinvestigated  the  subject  in  1902-3|  ani 
reported  that:  (1)  Bacteriological  examinatiQa cl tiha 
blood  during  life,  and  of  organs  and  blood  immediately 
after  death,  is  negativa  (2)  Stegomyia  Jumitt^ 
when  allowed  to  suck  the  blood  of  a  yellow  law 
patient  41  hours  after -the  onaet^  can  on  biting  a 
non-immune  person  22  days  later  produce  the  diaoMa 

(3)  Stegomyia  foueiata^  contaminated  by  suddng  the 
blood  of  a  yellow-feyer  patient,  and  then  killed,  cot 
into  sections  and  appropriately  stained,  preseota  with 
regularity  a  protozoan  parasite,  Myxo-eoecidmrn 
stegomyicR^  which  can  be  traced  throu^  a  -QjaiB  <d 
developments    from    the   gamete    to  the  aporedla 

(4)  StegomffiafiucUUay  fed  on  the  blood  of  a  peraon 
with  malarial  fever,  on  normal  blood,  or  artificiallyi 
does  not  harbour  the  myxo-oocddium. 

The  preventive  measures  to  be  adopted  against 
yellow  fever  are  the  avoidance  of  districts  in  whidi 
it  is  known  to  prevail,  the  selection  of  inland,  thinly- 
populated,  and  especially  elevated  points  for  residence^ 
avoidance  of  the  Stegomyia  mosquitoes,  and  strict  atten- 
tion to  sanitary  conditions.  Fatigue,  exposure  to  sun, 
drinking,  and  improper  food  are  said  to  predispose  to 
infection. 

I>eil|fae  is  now  known  to  have  occurred  in  epidemio 
form  in  the  last  century,  but  was  first  recognised  durmg  out- 
breaks in  Farther  India  in  1824,  and  in  the  West  Indief, 
Mexico,  and  the  Southern  States  in  1827-8.  Dengue  reeemhlw 
influenza  in  the  intensity  of  its  epidemics,  which  often  affect 
almost  every  person  in  a  town.  It  spreads  mainly  along  linw 
of  traffic.  Even  in  tropical  countries  its  prevalence  is  greateit 
in  the  hot  season,  and  elsewhere  it  occurs  only  in  summer  and 
autumn,  and  in  years  of  high  temperatures.  It  affects  mari- 
time towns,  and  rarely  spreads  inland.  Low-lying,  fUthv  and 
overcrowded  quarters  are  the  first  to  be  attacked.  After  a 
Abort  incubation  of  two  to  io\a  dQi^%\)[i«  crQSA\.\%  vckdiSMii.^  with 
rigors,  pyrexia,  and  acute  'paaxA  oAii  \Au^«rckSB&Sxv  ^Cbi» 
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jointB  of  tlia  hand  and  feet.     Very  soon  tha  large  joints  beooma 
afiected,  then  the  bonea  and  mu9c!ea,  and  the  head  and  back. 


urjitliema  appears  at  this  stage  io  half  the  c: 
In  one  or  two  days  a  remiesinn  or  intemuHBion  o(  all  the 
Byniptocns  occurs  after  profuse  sweats  having  a  pungent  odour, 
but  after  a,  short  interval  the  symptoms  return  in  a.  modiflEd 
decree,  often  accompanied  by  glandular  awelUngs,  and  a  rash 
which  aa  a  rule  consists  of  irregular  red  elevated  spots.  The 
second  febrile  stage  passes  off  in  three  or  four  days  at  longest, 
and  alow  convalescence  fallows.  Dengue  is  fatal  only  in 
debilitated  persons,  or  in  the  very  young  or  old.  In  some 
epidemics  the  disease  has  apparently  attacked  cattle,  dogs,  and 


Pla^ne,  tiret  introduced  from  the  East,  and 
possibly  identical  with  the  Black  Deatli  of  the  Middle 
Ages  (1348),  was  frequently  epidemic  in  England  up  to 
the  time  of  the  Great  Plague  in  1 665.  In  the  following 
century  it  reti^eated  eastward,  and  disappeared  from 
Europe  in  1841  and  from  Egypt  in  1844.  la  Asia 
it  has  lingered  on  endemically  in  certain  temperate 
regions,  and  of  late  has  shown  renewed  activity, 
especially  in  India,  Grave  epidemics  have  occurred 
at  Canton,  Bombay,  and  elsewhere,  and  infection 
has  been  brought  in  recent  yeara  by  ship  to  Great 
Britain,  but  without  spreading.  Plague  la  an  in- 
fectious filth  disease,  fostered  by  destitution,  un- 
cleantiness,  overcrowding,  and  lack  of  ventilation. 

There  are  four  chief  varieties  of  plague  :  the 
hubonic  form,  the  most  common  and  typical,  the 
lyniph  glands  being  chiefly  afiected  iu  the  groin,  the 
axilla,  or  the  neck ;  the  aeptiaemie,  in  wjiich  the 
hacilluB  reaches  the  blood ;  the  pneumonic,  in  which 
the  lungs  are  mainly  afiected ;  and  pestia  minor,  in 
which  the  affection  of  the  glands  stops  short  of  the 
septiciemic  stage,  and  even  the  local  symptoros  are 
slight.  There  are  certain  symptoms  common  to  all 
forms  of  plague,  when  at  all  severe.  An  oi-dinatj 
attack  of  plague  usually  begins  tiweu  \a  ^va  ft.*,"^'* 
I  after  infection.      Such  attack  may  d«ve\o'5  ^l!A«■'*^■5^ 
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but,  generally,  there  is  sudden  onset  with  much  fever, 
as  indicated  by  a  high  temperature,  rapid  pulse,  head- 
ache, backache,  hot  skin,  and  thirst.  The  eyes  are 
injected  as  if  iuMamed ;  the  expression,  at  first 
haggard,  anxious  and  frightened,  becomes  subsequently 
vacant,  listless,  and  dull ;  the  utterance  is  thick,  and 
the  gait  unsteady  as  in  one  under  the  influence  of 
alcohol.  Mental  aberration  develops  quickly.  There 
is  frequently  a  marked  tendency  to  faint.  The 
tongue  is  at  first  covered  with  a  moist  white  fur 
except  at  the  edges,  which  are  red,  but  later  on  it 
becomes  dry  and  of  a  mahogany  colour.  Vomiting 
and  nausea  are  present  from  the  onset  Sleeplessness 
is  a  characteristic  symptom.  The  most  distinctive 
sign,  however,  is  the  presence  of  swellings,  or. 
"  buboes  "  in  the  groin,  armpit,  or  neck,  which  appear 
on  the  second  or  thii*d  day  of  the  disease,  as  large, 
smooth,  tense  swellings,  painful  and  tender  on 
pressure,  and  in  size  varying  from  that  of  an  almond 
to  that  of  an  orange. 

Cases  occur  in  which  these  manifestations  of  the 
diseases  are  greatly  delayed  or  even  absent,  as,  for 
instance,  in  "  pneumonic,"  "  gastric,"  and  "  septi- 
caemic  "  plague  ;  forms  of  the  malady  which  may  be 
mistaken  respectively  for  inflammation  of  the  lungs, 
typhoid  fever,  or  acute  blood  poisoning.  Plague  in 
these  forms  is  always  grave ;  not  only  because  of  the 
fatality  of  the  cases  but  for  the  reason  that  they  are 
highly  infectious  to  other  persons.  It  is  important, 
therefore,  that  in  localities  where  plague  is  present  or 
is  threatened,  cases  of  anomalous  illness  of  the  above 
sorts  should  be,  witliout  loss  of  time,  brought  under 
medical  supervision. 

There  is  also  the  so-called  "  ambulant  form."     In 
plague  of  this  description  the  affected  person  is  hardly 
ill  at  all,  presenting  ivo  de^\\\X.^  ^^m-^^Kkvaa  perhaps 
beyond  indolent,  thougVv  ^a.\xvl\x\,  ^>Nfe\NSxv%^\\v5gt^\3B.^\ 
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armpit.  Such  plague  cases  may  nevertheless  bo  in- 
Btruuieiital  iu  spreiiding  tlie  disease. 

Bacteriology.— The  causal  organism,  Bacillus 
peslie,  was  discovered  in  1894  by  Kitasato  in  the  biood 
of  patients  Buffei-ing  from  the  disense.  It  is  a  small, 
round-ended,  oval  cell,  with  markeil  polar  staining, 
hence  presenting  an  appearance  not  nniike  a  diplo- 
coccuH.  In  the  middle  tliere  is  a  clear  interxpace, 
and  the  whole  is  surrounded  with  a  thick  capsule, 
stained  only  with  difficulty.  The  organisms  are  non- 
motile  and  often  linked  together  in  pairs  or  even 
chains  (especially  in  fluid  cultures),  and  exhibit  poly- 
morpliic  forms.  In  culture  the  bacillus  may  be  coocal 
or  bacillary  in  form. 

It  grows  readOy  on  the  ordinary  media  at  blood- 
heat,  producing  smooth,  shining  cii-cular  cream - 
coloured  colonies,  witii  a  wavy  outline,  which 
eventually  coalesce  to  form  a  greyish  film.  If  melted 
butter  (or  ghee)  or  oil  be  added  to  houillon,  the 
bacillus  grows  in  "  stiilactite ''  form.  The  following 
negativecharactersassistindiSerentintingehehacillus  : 
There  is  no  growth  on  potato  ;  milk  is  not  coagidated  ; 
gelatine  is  not  liquefied ;  Gram's  method  does  not 
stain  the  bacillus  ;  and  there  are  no  spores.  The 
liacillua  ig  readily  killed  by  beat  or  by  desiocatiun 
.ever  sulphuric  acid. 

In  the  body  the  bacillus  chiefly  frequents  the 
ileen  and  lymph  gland.s,  the  latter  becoming  inflamed, 
ipecially  the  inguinal  and  axillary. 

Haffkine  has  prepared  a  vaccine  which  diminishes 
the  incidence  and  fatality  of  the  disease  in  inoculated 
populations,  although  the  degree  of  protection  is  not 
perfect.  The  vaccine  is  made  from  a  aitweefcs'  old 
bi-oth  culture  of  B.  ]>eHtu,  sterilised  at  65-70°  C.  for  an 
hour,  and  preserved  in  bottles  containing  0'5  ^^  les*^ 
carbolic  acid.     The  dose  ia  5-10  e.c. 

Tie  diaease  is  persouaWy    infeiAvous,  av^s^  '^  '^'^ 
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spread.  Rats  also  convey  the  infection  from  port  to 
port,  and  one  of  the  necessary  means  of  prevention 
is  the  extermination  of  rats.  These  animals  generally 
suffer  from  plague  before  the  disease  breaks  out  among 
men.*  Preventive  measures,  therefore,  include 
vigorous  disinfection  of  infected  houses  and  the 
extermination  of  rats.  The  latter  may  be  accom- 
plished by  various  I'at  poisons,  and  on  board  ship 
also  by  carbonic  acid  gas. 

malarial  diseases  may  conveniently  be  con- 
sidered as  a  single  group,  although  they  include  many 
varieties  that  have  received  specific  names.  All  have  a 
characteristic  tendency  to  periodicity  in  the  course  which 
the  symptoms  follow,  and  this  peculiarity  is  made  the 
basis  of  a  broad  subdivision  into  intermittent  and 
remittent  types  of  fever,  the  former  being  the  less 
severe.  Intermittent  fever  or  ague  is  further  sub- 
divided into  quotidian,  tertian,  and  quartan  varieties, 
according  to  the  length  of  interval  between  the  attacks, 
which  may  occur  every  two,  three  or  four  days.  Each 
attack  is  marked  by  a  cold  stage,  a  hot  stage,  and  a 
sweating  stage ;  but  the  temperature  in  the  intervals 
always  becomes  normal.  Of  these  sub-varieties,  quo- 
tidian ague,  with  daily  attacks,  is  the  most  severe,  has 
the  longest  hot  stage  and  the  shortest  cold  stage,  and 
approaches  the  most  closely  to  the  remittent  type.     In 


*  A  recent  case  illustrating  the  conveyance  of  infection  by  rats  may  be 
quoted.     On  July  26th,  1904,  the  s.s.  Bishopsgate  left  Rosario  for  Euiiu- 
burg.     She  arrived  on  August  29th,  with  the  crew  all  well.    On  September 
6th,  on  discharging  the  cargo  (wheat,  maize  and  bran),  dead  rats  were 
found,  and  on  bacteriological  examination  some  were  found  to  be  plague 
infected.     During  the  voyage,  and  until  the  unloa  ing,  the  nolds  had  been 
closed,  and  the  infected  rats  confined  to  this  part.     The  vessel  was  thor- 
oughly fumigated  with  a  mixture  of  carbon  dioxide  and  carbon  monoxide 
to  destroy  all  the  remaining  rats,  and  afterwards  the  holds  were  lirae- 
H  ashed  and  the  crew's  quarters  disinfected.    A  new  crew  was  shipped  on 
September  15th,  two  days  before  tlje  vessel  left  Hamburg  for  the  Tyne, 
but  the  I  oatswain  had  been' cnga^sed  tot  a  \Jvftk  previously  to  assist  in 
aleavin:  up   decks  and  \vo\(l8  be^otft  wi^i  ^\«\w%  NJft.^  ^\s\\>Sft.<A.\QTu    On 
September  18th  he  comv\a\\\eeL  ot.\V\^ft^»,  ^^'^^'^  Yt«^^^  ^»^»  ^^asc^ 
£.  pest  is  waa  found  in  the  blood  aud\^m\A\^vQ\xv\\v^\ixiNiQ^"e.. 
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remittent  fevers  there  are  one  or  two  esacerbations 
every  day,  but  the  temperature  during  the  ititerrals 
does  not  subside  to  the  norniRl  level,  nor  do  the  consti- 
tutional Gymptoms  entirely  disappear.  The  cold  stage 
is  very  short  and  the  hot  stage  protracted.  Remittent 
fevers  are  met  with  piTncipally  in  tropical  regions,  but 
are  endemic  in  many  marshy  districts  in  Southern 
Europe,  and  ocoaaionalty  B]iread  aa  far  north  as 
the  Baltic. 


General  amiUtiam. — Aa  the  intenBity  of  the  endeinic  or 
epidemic  provalenco  dimioisliES,  the  individual  c&seB  tend  to 
RSBame  more  and  mora  the  intermittent  type.  Broadly  speak- 
ing,  the  tondeocy  to  malaria  increases  with  tho  temperature, 
eBpet^i&Ilj'  if  the  diurnal  range  of  temperature  ia  high.  A.tmo- 
sjiheric  humidity  is  also  favourable  to  malaria.  Moisture  of  the 
upper  part  of  the  soil  ia  an  almost  invaiialils  condition  of 
malariooa  diBtriolfi,  and  the  effect  has  heen  said  to  be  heightened 
hy  a  alight  superficial  drying.  Clay  soils,  which  retain  mois- 
ture, ere  among  the  worst,  but  ehaJk,  er  sand,  or  other  poroQB 
soil,  may  become  highly  malarious  it  from  any  cause  the  sub- 
soil water  is  high.  Malarious  soils  almost  always  contain 
vegetable  matter  in  greater  or  less  quantity.  In  auch  diatriots 
heavy  rainfall,  espt^ially  aftec  long  heat  and  drought,  is 
generaUy  followed  by  outbreaks  of  malaria,  and  irrigation  h»a 
a  similar  tendency.  They  ceaae  to  be  malariaue  when  the 
ground  is  either  completflly  flooded  or  dried — temporarily  or 
pernianontly — by  drainage  and  extensive  planting  («.;,.  with 
Etiealj/ptm  glohalua),  Aa  regiirds  the  aurfaee,  the  prevalence 
ot  malaria  decresHea  with  the  elei-ation,  other  thraga  being 
equal.  High  gronnd  is  the  most  healthv,  but  (iceptton  must 
be  made  in  leapect  ot  apnrs  of  hills  an^  depressions  even  at 
high  levels,  and  more  pardculariy  of  ravinea.  Among  oUler 
causes  conducive  to  malaria  are  abandonment  of  cultivation,  or, 
on  the  other  hand,  the  breaking  up  of  new  ground,  excavation, 
or  cutting  down  trees.  Volcnnic  disturbances  and  earthquakes 
have,  it  would  appear,  sometimes  been  followed  by  malarial 
outbreaks.  Fodor  concludes  from  obaervationa  at  Pesth  that 
only  the  superficial  layers  of  the  soil  are  concerned  in  produc- 
ing conditions  favourable  to  malaria. 

Such  being  the  general  characteristics  of  malarioMft  4\'A.-r\iAa 
aa  regards  climate  and  soil,  it  mnat  mtX  \>b  ^\nUA  aaS,  "ObbS. 
they  are  in  (fiemseliea  inadetiuate  to  pio4u.ce  viiB\B.riB.i  «.&?>.  i^«» 
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thai  lOBM  id  th«m  are  entMy  wantiiig  in  Iwi^ily  waHmam 
localities.  Malam  is  unknown,  lor  fflriwiipls,  in  many  parts  Ot 
Ireland,  in  the  Bermudas,  and  the  Pampas  of  South  America, 
where  the  physioal  conditions  would  a  priori  appear  to  ha 
highly  laTourable.  On  the  other  hand,  some  of  the  malaricms 
districts  in  the  Beocan  and  Mysore  are  steep  mountain  akpsib 
and  many  others  in  India  and  elsewhere  are  equally  free  fnwa 
moisture  of  the  soiL    Instances  are  common  in  which 


previf^sly  healthy,  become  temporarily  or  permanentbr 
malanous,  without  apparent  change-  in  their  phyaioal  coadi' 
tions.  Malaria  being  a  specific  disease,  the  presenoe  of  a 
specifio  organism  is  necessary,  and  the  coziditiQna  above 
described  are  to  be  regarded  merely  as  more  or  less  faTOunUe 
to  its  growth  and  dissemination. 

The  Etiology  qf  Malafria.—IiL  1880  Lavemn  fixrt 
discovered  and  described  parasites  in  the  blood  oeUa 
of  malarial  patients,  and  on  further  investigation  it 
was  soon  found  that  these  assumed  many  diffneiit 
forms.  These  difiBsrenoes  depend  upon  the  himd  oi 
fever  and  the  stage  of  fever.  The  reasons  for  believing 
that  Laveran's  bodies — though  they  have  not  yet 
been  cultivated  outside  the  human  body — are  the 
specific  cause  of  malaria  are  that  the  parasites  found 
in  the  blood  of  malarial  patients  of  all  countries  are 
the  same,  and  such  parasites  are  not  found  in  healthy 
persons;  that  their  development  fully  accounts  f(V 
the  production  of  the  melansemia  and  malarial  pig- 
mentations of  viscera  owing  to  the  melanin-forming 
property  of  the  parasite;  that  the  phases  in  the 
development  of  such  parasites  correspond  with  the 
clinical  course  of  malaria  (Golgi) ;  that  quinine,  whidk 
cures  malaria,  kills  the  parasite  ;  and  that  malaria  can 
be  conveyed  by  the  introduction  of  this  parasite  into 
the  blood  of  man,  and  the  parasite  reappears  in  the  I 
blood  of  the  individual  so  inoculated.  Xaveran'i  I 
bodies  have  been  variously  classified  as  knowledge  oi  I 
them  has  grown.  Lt  is  now  agreed  that  these  paraidier  " 
belong  to  the  Sjjwoaoa,  to  ^e  ot^i^^  ^i  Hcemocyfosod 
and  to  the  genua  oi  Hamamoeba,    Ts\«^  ^gocBt  vsw 
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to  the  blood  corpHsclea  in  which  they  develop,  pro- 
ducinjt  sporocytes  which ,  on  the  ruptui-e  of  the 
corpuscle,  become  free  in  the  blood  and  attack  other 
corpuacleB  paasiiig  through  the  same  changes  (the 
cycle  of  Golgi),  and  resulting  in  a  fresh  generation  of 
spores.  The  exact  changes,  however,  depend  partly 
upon  the  form  of  disease  (quartan,  or  benign  tertian, 
or  malignant  quotidian),  but  much  more  so  upon  the 
immediate  needs  of  the  jmrasite,  that  is  to  say,  whether 
the  development  ia  to  be  in  the  human  body  only  and 
asexual,  or  in  the  mosquito  and  sexual.  {^Manmn,  Rosa, 
and  others.)  If  it  ia  to  be  the  latter  the  amiebula  does 
not  sporulate  in  the  corpuscle,  but  becomes  a  crescent- 
shaped  body  absorbing  the  corpuscle.  These  crescents, 
or  gamelocyles,  are  of  two  forme,  male  and  female,  and 
are  the  first  stage  in  the  extra-corporeal  stage  of  the 
lif&cycle,  that  is  to  say  in  the  mosquito.  The  male 
gamete  {mierogametocyle)  develops  flagella,  which  are 
of  the  nature  of  spermatozoa,  and  break  off  from  the 
cell  and  become  free  in  the  blood  of  the  mosquito. 
The  female  crescent,  or  gamete  (inacrogarnetoci/le) 
i^tarts  in  the  same  way  as  the  male  form,  but  becomes 
spherical  and  extrudes  two  polar  bodieS;  receiving  at 
the  site  of  extrusion  an  impregnation  by  the  free 
flagellum  of  the  male  cell.  The  renult  ia  a  myffote,  a 
travelling  vermicule,  which  passes  into  the  stomach 
wall  of  the  mosquito,  and  becomes  encysted  theiflj  and 
eventually  reproduces  spores  or  aporozoits.  About  the 
twelfth  day  it  bursta,  discharging  the  reproductive 
elements  into  the  body  cavity  of  the  mosquito,  which, 
passing  from  thence,  become  accumulated  in  the 
salivary  gland,  and  are  thus  in  position  to  be  injected 
into  the  blood  of  the  nest  human  being  bitten  by  the 
mosquito.  In  the  human  blood  again  they  dttack  the 
corpuscles,  and  recommence  the  asexual  life  cycl^. 
Just  as  the  spurocytts  are  the  meatiB  o?  ■^vo'5ia^i.''AW% 
tie piii-amte  ill  the  Wood,  so   the  flaj-eWatei  \>oi'j  -o-V^ 
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sexuaL  oyde    is  the  means  of  propagatioii  in  the 
moaqnita 

The  species  of  mosquito  which  has  been  shown  to 
be  the  host  of  tiie  malaria  parasite  is  the  ^nopMss, 
the  body  of  which  is  sUm,  the  proboeds  knig  and 
thick,  the  palpi  long,  and  the  wing  "dappled  "*  with 
dark  spots  on  its  anterior  margin.  It  is  a  "  pnddle- 
breeding  "  insect.  The  common  mosquito,  or  CvlUa^ 
has  short  palpi,  thick  body,  thin  proboscis  and  imr 
spotted  wings.  It  is  a  "pot-breeding"  mosqnita 
Certain  conditions  are  neoessaiy  for  the  mnltiplicwtioii 
of  malarial  mosquitoes^  namely,  hi§^  atmospheric  temr 
perature,  75-104^  F.,  collections  of  water,  fresh  or  . 
brackish,  and  the  presence  in  the  breeding  pools  of  . 
low  forms  of  animal  and  vegetable  life.  Many  of  the 
physical  conditions  hitherto  cited  as  fayouraUe  to  the 
disease  are  now  seen  to  be  fayonrable  to  the  speoifie 
mosquito,  and  their  relationship  to  malaria  is  thus,  in 
part,  explained.  The  prevention  of  malaria  dep^ids 
upon  the  fulfilment  of  four  chief  requirements : — 
(1)  The  prevention  of  mosquito  breeding  by  land- 
drainage  and  removal  of  collections  of  water ;  (2)  the 
destruction  of  mosquitoes  {Aruypheles)  and  of  their 
eggs,  larv»,  and  nymphee;  (3)  avoidance  of  mos- 
quito bites,  and  (4)  the  therapeutic  and  prophylactic 
use  of  quinine. 

fjeprosy  is  a  disease  of  great  antiquity  in  Egypt, 
India,  China,  and  Japan.  The  Biblical  term  "  leprosy  " 
doubtless  included  many  forms  of  skin  disease,  amd 
the  same  ambiguity  attends  most,  if  not  all,  of  the 
other  records  of  the  disease  in  former  ages. 

Leprosy  has  been  especially  confounded  with  syphiliB  and 

elephantiasis  arabum^  true  leprosy  bein<r    sometimes  termed 

elephantiasis  graeorum.     It  probably  made  its  appearance  ia 

Europe  about  the  begVxmmg  ol  t\i^  Christian  era,  and  became 

widely  diffused  durlnp;  tti©  ufti^^,  ^iK^V.  «t  TcreA  ^ksoSgosIvu    A   J 

further  increase -attn\)ute^  \>7  ^m^  ^  '^'^  ^xjs»^s»r-Awik 


ff!»^ 


XV.]  Leprosv.  443 

placs  in  the .  twelfth  and  thirteenth  ceatunes,  but  in  tha 
fourteenth  and  fifteenth  CBnturies  it  bugan  to  disappear,  and  at 
the  present  time  boa  vajiisheii  (rom  Euiope,  with  the  exception 
of  certain  lunited  diatricta,  more  especially  in  Norway,  Sweden, 
Finland,  Spain,  Portugal,  and  some  purtB  of  Italy,  Greece, 
Turkey,  South  Russia,  and  some  ut  the  Mediterranean  ielanda, 
ineludinf;  Sicily  and  Cyprus.  It  is  prevalent  in  the  Wast 
Indies,  the  west  coast  of  South  America,  India,  China,  and  the 
greater  part  of  Asia  ;  most  of  the  islands  in  the  Pacific, 
notably  Hawaii,  and  in  many  parts  of  Africa.  It  is  common 
in  Mexico,  and  minor  Tooi  exist  in  Louisiana,  Nev  Brunswick, 
and  British  Columbia.  Special  attention  has  recently  been 
directed  to  its  increase  at  the  Cape.  Districts  upon  or  near  the 
coast  are  by  far  the  most  frequent  seats  of  endemic  leprosy. 

In  England,  special  legislation  was  directed  against  leprosy 
in  the  tenth  oentary,  and  leper  hospitals  were  established  in 
the  eleventh,  twelfth  and  thirteenth  centuries  in  many  of  the 
larger  towns.  The  last  record  of  any  extensive  prevalence  in 
England  iras  at  the  end  of  the  seventeenth  centurj',  and  it  is 
now  unknown  except  as  a  disease  acquired  abroad. 

Leprosy  is  diminiBhmg  in  its  few  remaitiing 
European  centres,  but  probably  slowly  increasing  in 
the  West  Indies,  Demerara,  South  Africa,  and  Bome 
other  c»untriea.  Chinese  immigfation  is  said  to  have 
introduced  it  into  North  Australia  and  British 
ilumbia. 
General  conditiong. — Climate  would  appear  to  have 
Hbtle  influence,  since  the  geographical  distribution  is 
or  has  been  almost  world-wide,  nor  has  anything  been 
made  out  definitely  in  regard  to  more  local  meteor- 
ological conditions.  The  efieot  of  season,  if  any, 
cannot  be  traced  in  a  disease  which  begins  insidiously 
and  runs  a  protracted  course.  The  greater  incidence 
upon  coast  regions  seems  to  give  a  clue  to  the 
etiole^,  but  the  disease  prevails  in  elevated  regions 
far  removed  from  the  sea.  The  use  of  fish,  and  espe- 
cially of  decomposing  fish,  as  a  principal  diet  is  sup- 
posed to  contribute  largely  to  the  causation  of  le^roe,^ 
(Hntchinaon).  This  view  ia  supportei  maiii"3  "^"^  ^* 
pivvaleuce  of  the    disease  in  littoia\    i\atT\.<Aa,  ^jniS* 
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also  to  some  eoftent.  by  ils  freqaent  appearance  In 
new  regiona  among  Ghineee  Hettlers,  whoee  ddll  in 
cookery  enables  them  to  make  use  of  putrid  fiah,  and 
lastly  by  itsobaenred  disappearance  from  certain  dirtricts 
where  fish  diet  oeased  to  be  general  On  the  other 
hand,  there  are  many  inland  leprous  regions  in  whioii 
fish  is  rare,  or,  as  in  Central  China,  limited  to  the 
use  of  the  wealthier  classes.  The  disease  has  declined 
in  many  looalitiea  without  any  material  change  in  ^bet^' 
and,  further,  the  vegetarian  Brahmins  are  by  no  means 
exempt  from  leprosy.'  It  would  seem,  therefore,  that  a 
fish  dietary,  if  it  has  any  etiological  significance  at  all, 
is  not  operative  in  all  cases.  Anothi^  hypotheaia  k 
that  deficiency  of  common  salt  in  food  is  oondudve 
to  leprosy.  Sanitary  improvements  in  the  habits  and 
surroundings  of  the  popiUationhave,  in  all  probability, 
been  chiefly  instrumental  in  suppressing  leprosy  in 
England  and  elsewhere.  Although  never  oonfineid  to 
the  poorer  classes,  its  incidence  has  been  greater  upon 
those  living  in  filthy  and  unhygienic  conctitions. 

Nothing  is  known  as  to  any  relation  with  telluric 
conditions,  or  liransmission  by  water  or  air.  N^roes, 
Hottentots,  and  Chinese  are  more  affected  than  white 
races  living  in  the  same  localities.  Males  suffer  in 
greater  numbers  than  females,  and  among  the  very  old 
and  the  very  young  the  disease  is  of  rare  occurrence. 

Authorities  are  at  variance  as  to  the  hereditary 

transmission  of  leprosy,  and  very  little  is  known  of 

the  way  in  which  the  disease  is  ordinarily  acquired. 

It  is  communicable  by  direct  or  indirect  means,  from 

the   sick  to   the   healthy,    and    there   is   no   certain 

evidence   of  its  arising  or   spreading  in   any  ofch)9r 

way.     Hansen  states   that  no   sign   of  leprosy  had 

appeared  among  the  descendants  of  160  !Norw^^ian 

lepers  who  settled  in  the  United  States.     Aming  has 

proved  it  to   be   inocvx\a\Ae,  Yva-Vm^  ^\)d;^<»»»i&illy  in-   i 

ocuJated  a  condemned  convicX. 


Lephosv. 


^V  ClinAeal  characterg. — The  incubation  period  in 
^KArniitg's  case  was  two  yenrs.  It  is  believed  to  be 
u  Tery  variable,  extending  over  months  or  years,  with  or 
without  premonitoty  aymptomB.  Three  chief  types  are 
described — (a)  the  anseathetic  (or  macnlo-anseBthetio), 
(b)  thu  tuberctilated,  and  (c)  the  mixed.  The  antes- 
thetic  form  causes  a  destruction  of  nerve  tibrea,  the 
tuberculated  chiefly  affects  the  skin,  resulting  in  a 
nodular  growth  or  diffuse  infiltration.  It  produces 
marked  disfigurement.  The  avei-age  duration  is  given 
as  eight  years  in  the  former  and  sixteen  in  the  latter, 
but  with  wide  variations.  When  the  disease  begins 
in  early  life,  its  duration  is  comparatively  short.  The 
result  is  almost  always  fatal,  but  it  is  stated  that  in 
Norway  thirty-eight  cases  were  cured  in  the  five  years 
1881-5,  and  Kaurin  believes  that  if  the  disease  is 
localised,  early  amputation  may  sometimes  perma- 
nently arrest  it.  Accoiding  to  Sand,  the  disease  may 
exhaust  itself  in  thirty  or  forty  yeara  if  the  constitu- 
tion is  exceptionally  strong. 

Bacteriology. — The  B.  lepi'w  was  discovered  by 
Hansen  in  1874.  It  is  present  in  enormous  numbera 
in  the  skin  and  tissues,  and  has  a  foi™  very  similar 
to  B.  tvhereuloaia.  Spores  have  not  been  seen,  but 
Neisser  holds  that  this  ia  the  form  in  which  the 
bacillus  gains  entrance  to  the  body.  The  arrange- 
ment in  clumps  and  colonies  inside  the  round  cells  la 
useful  for  diagnostic  purposes.  The  bacilli  are  also 
found  free  in  the  lymphatics,  inside  connective  tissue 
cells,  in  the  walls  of  blood  vessels,  in  the  lymphatic 
glands,  and  in  the  internal  organs.  Bordoni-Uffred- 
uzzi,  CarraaquiUa  (1899),  and  Campana  claim  to 
have  isolated  the  bacillus  and  grown  it  on  artificial 
media,  the  two  former  aerobically  on  poptone- 
glycerine-blood-serum,  at  37°  C,  the  last-nanveA 
an  aerobically.  Cultivated  bacteria  ticnn  \j\\ft  ot-gi.-ic. 
o£  lepers,  described   rather  latev  \s-5  "fiaWi?,,  wA  •^■S^ 
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more  recently  by  Czaplewski,  differ  from  the  genuine 
bacillus  of  leprosy  in  their  incomplete  resistance  to 
acids.  There  is  little  doubt  that  the  disease  is  pro- 
duced by  Hansen's  bacillus.  Bordoni-Uffreduzzi  holds 
that  the  bacDlus  has  a  saprophytic  stage  in  its  life 
cycle. 

Hansen,  Ehlers,  and  others  believe  that  the  disease 
is  spread  by  contagion,  Virchow  held  the  reverse 
opinion.  Besnier  and  Sticker  consider  the  infection 
is  conveyed  in  nasal  secretion.  The  Leprosy  Com- 
mission in  India  (1890-91)  reported  that — 

(I.)  Leprosy  is  a  disease  9ui  generis;  it  is  not  a  fonn  of 
syphilis  or  tuberculosis,  but  has  striking  etiological  analogies 
with  the  latter.  (2.)  It  is  not  inherited,  and  has  a  natural 
tendency  to  die  out.  (3.)  Though  contagious  and  inoculable, 
the  extent  to  which  it  is  propagated  by  these  means  is  exceed- 
ingly small.  (4.)  It  is  not  directly  originated  by  the  use  of 
any  particular  article  of  food,  nor  by  any  climatic  or  telluric 
conditions,  nor  by  insanitary  surroundings,  neither  does  it 
peculiarly  affect  any  race  or  caste.  (5.)  It  is  indirectly  in- 
fluenced by  insanitary  surroundings,  such  as  poverty,  bad  food, 
or  deficient  drainage  or  ventilation,  for  these  increase  the 
susceptibility. 

Preventive  measures. — The  practical  suggestions  of. 
the  Commission  for  preventive  treatment  included 
voluntary  isolation  of  the  sick  ;  prohibition  of  the  sale 
of  articles  of  food  by  lepers;  leper  farms ;  orphanages ; 
and  "  improved  sanitation  and  good  dietetic  condi- 
tions "  generally.  Serum-therapy  has  been  attempted, 
but  without  success.  Up  to  the  present  time  no 
curative  agent  has  been  found. 

In  Norway,  leper  asylums  were  established  in  1856, 

and  the  number  of  lepers  is  believed  to  have  steadily 

declined.     The  isolation  in  these  asylums  is  not  rigid, 

but  in  Hawaii  an  island  is  set  apart  for  the  leper 

settlement,  and  the  seclusion  is  practically  life-long. 

It    seems   clear   that  t\i^i  ml^cXKow  \^  wQt   acquired 

readily,  if  we  take  t\ie  oi^ma.^^  ml^^i^Aows.  ^\sfc*^^\a.' 
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a  standard,  and  there  is  some  proWWlity  that  even  a 
partial  segregation  of  lepers  may  liave  considerable 
influence  in  arresting  the  disease,  assuming  its  spread 
Ljto  be  due  mainly  to  personal  intercourse.     The  diiH- 
Bfiulties  of  obtaining  a  tolerably  complete  isolation  or 
B-even  registration  of  lepers  are  of  course  vei^  great. 
H I       nialta    fever  (Mediterranean  fever)  is  common 
H^olong  the  coast  of  tbe  Mediterranean  and  in  its  islands. 
■  4-^  is  a  disease  of  long  duration  and  variable  symptoms, 
r  including  remittent  fever.     Perspiration,  pains,  swel- 
ling of  joints,  enlaigement    of  the  spleen,  etc,  are 
among  the  common  signs.     In  188T  Bruce  cultivated 
from  the  spleen  the  Micrococcus  melitensiif,  a  small 
round  or  slightly  oval  coccus,  occurring  singly,  in 
pairs,  or  in  chains.     It  can  be  cultivated  from  the 
spleen,  on  agar  at  37°  C.  ;  colonies  apjiear  about  the 
third  day  as  small,  round,  slightly  raised  growths ;  old 

^  cultures  aasume  a  buff  tint.  Cultures  retain  vitality 
for  long  periods.  The  organism  is  present  in  the 
^peripheral  blood  in  all  cases  during  tlie  early  stages  of 
tlie  disease,  and  in  sevei-e  pyrexial  relapses.  It  has 
been  isolated  from  the  urine.  The  disease  is  inoonlable 
in  animals. 

Sleeping  sickness  is  probably  caused  by  the 
entrance  into  the  blood,  and  thence  into  the  cerebro- 
spinal fluid,  of  a  species  of  trypanosome  (probably  the 
3'rypanosoina  (^a»i6ienf<e),  which  is  transmitted  from  tbe 
sick  to  the  healthy  by  a  tsetse  fly  (Gloasijia  pidpalia), 
and,  apparently,  by  it  alone.  It  has  been  demonstrated 
by  experiment  that  not  only  were  these  flies,  fed  on 
sleeping  sickness  cases,  capable  of  conveying  the 
disuse  to  healthy  monkeys,  but  that  freshly  caught 
flies  from  an  infected  area,  without  any  ai'tificial 
feeding,  were  also  capable  of  conveying  the  disease. 
This  fly,  like  its  congener  the  tsetse  fly  of  8ei>itAv 
Afiicu,  is  confined  to  well-detinei  atens,  "wVivJiv.  tiovtev- 
sponil  absolutely    with    the    diattftivitwn  ot  At«V«^1. 
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sickness ;  whereas,  in  regions  where  no  Glossina 
palpalis  is  found,  although  other  biting  flies  abound, 
there  is  no  sleeping  sickness.  While  a  large  percent- 
age of  the  inhabitants  of  the  sleeping  sickness  areas 
have  the  trypanosome  in  their  blood,  in  not  a  single 
inhabitant  of  non-sleeping  sickness  areas  was  this 
parasite  found.  Monkeys  inoculated  with  cerebro-spinal 
fluid  from  sleeping  sickness  patients,  or  with  blood 
from  natives  not  as  yet  showing  symptoms  of  sleeping 
sickness,  but  containing  a  similar  parasite,  sickened 
and  died  with  all  the  symptoms  of  sleeping  sickness. 
As  in  the  case  of  ankylostoma,  individuals  may  have 
this  trypanosome  in  their  blood,  and  yet  reveal  no 
symptoms  of  the  disease.  A  Portuguese  Commission 
laid  emphasis  upon  a  diplo- streptococcus  which  a 
number  of  observers  have  found  to  be  present. 

The  disease  has  spread  in  the  Congo  region, 
Uganda,  and  northwards  along  lines  of  communica- 
tion, that  is  rivers,  and  has  become  a  scourge  in 
certain  riverine  tribes.  Clinically  the  early  sta^e  of 
sleeping  sickness  may  be  recognised  by  enlargement 
of  the  cervical  glands  (polyadenitis),  enlargement  of 
the  spleen,  oedema,  and  certain  pathological  conditions 
of  the  blood,  including  lymphocytosis.  Sleeping 
sickness  is  probably  the  last  stage  of  a  disease  and 
seems  to  be  invariably  fatal 

Dysentery.— Endemic  or  tropical  dysentery  is 
possibly  due  to  Amoeba  coli  vel  dyserUerice.  Epidemic 
dysentery  is  more  probably  due  to  Bctcilltis  dysentericBy 
and  sporadic  and  parasitic  dysentery  to  various 
parasites,  such  as  Balantidium  Coli  and  the  Bilharzia, 
Mott  holds  that  "  asylum  dysentery "  is  identical 
with  tropical  dysentery,  and  that  both  conditions  are 
in  all  probability  of  bacillary  origin. 

The  disease  is  not  confined  to  tropical  climates. 

Act  one  time  it  was  **  one  of  the  most  prevalent  and 

ktal  diseases  of  London  "  (Baly),     It  is  believed  to 
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be  influenced  by  season  and  soil,  autumn  and  polluted 
subsoil  favouring  its  occurrence,  though  personal  pre- 
disposing conditions  doubtless  play  an  important  part. 
From  a  sanitary  point  of  view  water  supply,  dietary, 
and  uncleanliness  are  the  conditions  into  which  inquiiy 
should  be  made.  It  is  probable  that  the  excreta 
serve  as  one  of  the  chief  media  of  infection,  and  they 
should  therefore  be  disinfected.  Apart  from  institu- 
tional outbreaks  (e.g,  asylum  dysentery)  dysentery  is 
a  comparatively  rare  disease  in  this  country. 

Beri-beii  is  endemic  in  Western  India,  in  the 
India  Archipelago,  China  and  Japan.  It  is  mostly 
confined  to  the  working  classes,  and  is  said  by  some 
to  be  due  to  an  organism  infecting  rice ;  others  con- 
sider it  a  *'  place  disease,"  and  Durham  holds  that  it 
is  more  a  "  gang  "or  "  institutional "  disease.  It  is  a 
kind  of  scurvy  of  the  tropics,  affecting  the  underfed, 
and  is  characterised  by  weakness,  dropsical  distension 
of  the  abdomen,  limbs,  and  face,  and  many  of  the 
features  of  alcoholic  neuritis.  Probably  the  disease 
is  communicated  from  person  to  person  directly  or 
through  fomites. 
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CHAPTER    XVI. 

PREVENTION    OP   INFECTIOUS    DISEASES. 

In  the  preceding  chapters  reference  has  been  made  to 
the  various  means  by  which  specific  and  other  diseases 
are  disseminated  or  checked.  It  remains  to  consider 
the  powers  and  duties  of  the  S.A.,  and  of  the  M.O.S[«y 
in  relation  to  preventible  diseases,  and  especially 
infectious  diseases.  All  infectious  diseases  may  be 
said  to  be  preventible,  but  not  all  are  amenable  to 
the  preventive  measures  which  at  present  can  be 
enforced  by  the  most  active  sanitary  administration. 
Small-pox  and  rabies  may  be  taken  as  types  of 
specific  diseases  which  can  be  and  ought  to  be  sup- 
pressed, and  are  now,  as  a  matter  of  fact,  limited  to 
such  persons  and  such  populations  as  do  not  choose 
to  adopt  the  measures  which  reiterated  experience 
has  shown  to  afford  safety.  Measles  and  whooping 
cough,  on  the  other  hand,  although  strictly  speaking 
preventible  diseases,  always  dependent  (so  far  as  we 
know)  upon  direct  or  indirect  infection  from  other 
cases,  have  not  yet  been  brought  under  control.  No 
prophylaxis  has  been  discovered,  and  as  infants  are 
especially  liable,  the  susceptibility  of  the  population  is 
speedily  renewed,  even  after  an  outbreak.  Isolation 
and  disinfection  are  theoretically  capable  of  arresting 
the  spread  of  these  diseases  if  applied  in  every  case 
and  at  the  commencement  of  the  infectious  stage,  but 
in  practice  this  can  scarcely  be  accomplished  at 
present,  for  reasons  that  will  be  stated  later. 

Scarlet-fever,    diphtheria,    and   enteric    fever    are 
examples  of  a  different  class.     They  are  not  entirely   I 
(iepentlent  upon  iniectioii  irom  \wrson  to  person,  but   ' 
are  affected  by  a  variety  oi  co\v^\UQiTkS>  ^l  ^VviV  ^XQry 
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year  brings  us  fuller  knowledge.  Some  of  these  con- 
ditions, including  personal  infection,  infection  from 
lower  animals  (by  conaumption  of  milk  or  flesh,  or  in 
other  ways),  and  infection  by  drinking-water,  are  more 
^OT  less  under  our  control.  So,  too,  are  the  various 
"  insanitary  conditions  "  which  conduce  to  the  spread 
Mid  malignancy  of  specific  diseases,  and  telluric  condi- 
'tions  also  are  to  a  great  extent  remediable.  Ex. 
.perieuce  has  shown  that  if  carried  out  thoroughly, 
isolation,  disinfection,  and  quaruntine  can  very 
greatly  reduce  the  incidence  of  these  diseases,  but 
there  is  always  danger  from  unrecognised  cases, 
fcom  the  early  stages  of  the  disease  befoi-e  the 
diagnosis  is  made,  from  importation  of  infeotion, 
and  from  accidental  or  wilful  neglect  of  precautions. 
It  must  also  be  remembered  that  there  may  be 
modes  of  infection  in  these  diseases  at  present  un- 
known to  us,  and  this  is  especially  probable  in  respect 
of  diphtheria. 

CompDlsory  nof iflcntion  of  certain  infec- 
tious diseases  rests  in  Iiondou  upon  the  Public 
Health  (London)  Act,  1891,  and  elsewhere  upon 
tiie  Infectious  Diseases  (N^otifi cation)  Act  of  1889, 
M  amended  by  the  Infectious  Diseases  (Notification) 
Extension  Act  of  1899,  which  also  enables  any 
fi.A.  with  the  sanction  of  the  Tt.GtJB,  to  add 
temporarily  or  otherwise  other  infectious  diseases 
to  those  achedided  in  the  Act,  which  are — small- 
pox, cholera,  diphtheria,  membranous  croup,  erysi- 
pelas, scarlet-fever,  typhus,  enteric  fever,  relapsing 
fever,  continued  fever,  puerperal  fever.  The  inclusion 
of  membranous  croup  in  the  list  tends  to  make  the  re- 
porting of  diphtheria  more  complete,  and  "  continued 
fever  "  covers  obscure  cases  of  enteric  fever,  or  possibV^ 
typhus.  A  large  number  of  trivial  caaea  B.te  te^iWi- 
I  as  erj-HJjjeJas,  but  tie  disease  has  pnMstic&X  Yt&^^»nK*' 
^in  connection  with  vaccination   and  pwerpetaX  ^fc'Jei*^ 
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Doubt  having  arisen  as  to  the  meaning  to  be  attached 
to  "  puerperal  fever,"  the  Royal  College  of  Physicians 
have  expressed  the  opinion  that  it  should  be  understood 
to  include  ''septicaemia,  pyaemia,  septic  peritonitis, 
septic  metritis,  and  other  septic  inflammations  in  the 
pelvis  occuriing  as  the  direct  result  of  childbirth." 

Certain  minor  diseases  such  as  chicken-pox  may 
be  made  notifiable  temporaiily  or  otherwise  in  order 
to  ensure  detection  of  more  serious  complaints  such 
as  smallpox. 

Forms  of  certificate  are  supplied  to  every  practitioner 
practising  in  the  district,  and  a  fee  of  2s.  6d.  is  paid  to 
him  for  each  certificate  regarding  a  private  patient  and 
1  s.  for  each  case  in  public  practice.  *  *  E  very  medical  prac- 
titioner attending  on,  or  called  in  to  visit,  the  patient 
^\?)}\  forihwith^  on  becoming  aware  that  the  patient  is 
suffering  from  an  infectious  disease  to  which  this  Act 
applies,  send  to  the  M.O*H.  for  the  district  a 
certificate  stating  the  name  of  the  patient,  the 
situation  of  the  building,  and  the  infectious  disease 
from  which,  in  the  opinion  of  such  medical  practitioner, 
the  patient  is  sufiering."  The  penalty  for  default  is  a 
fine  not  exceeding  40s.  Under  the  same  penalty  the 
householder  is  compelled  to  notify,  but  in  a  less  formal 
way,  and  without  receiving  any  fee.  The  Act  applies 
to  "  every  ship,  vessel,  boat,  tent,  van,  shed,  or 
similar  structure  used  for  human  habitation,"  but 
not  to  any  "  hospital  in  which  persons  suflfering 
from  an  infectious  disease  are  received."  It  gives 
no  power  of  compulsory  removal  of  patients  to 
hospital,  nor  even  power  of  entering  upon  the  pi*e- 
mises  for  the  purpose  of  making  inquiries,  but  it  is 
very  rarely  that  any  difiiculty  is  met  with  in  the 
latter  respect. 

Among    the    advanla^ea  to  \i^  ^^rvN^^Xirj  the  M.O.H. 
from  compulsory  nouftcatVou  ax^  t\vQi  lo\\a^\xi^\— 

1.  Early  and  complete  \Hvo^\e>^?»^  ol?Ce^\^^  ^^'^^  ^\  Ttfi^. 
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fialile  ijiseaae,  umi  thuH  of  the  whole  pi'eviileiice  and  distribul  ion 
in  the  district.  Death -returns  give  only  a  small  fraatioa  of 
the  cases,  and  after  un  interval  ol  luajiy  days  or  weobs. 

",  Powar  to  eiHrcise  aiici  auporvision  as  may  be  necBBsary 

every  case  during  its  whole  course,  and  to  enforce  due 

observance   of  the   provisions   of  the  Pablio   Health  Act  as 

regards  isolation  ana  disinfection.    Tliishae  special  importancB 

in  connection  with  outbreaks  of  scarlet-fever,  diphtheria,  or 

.eric  fever  in  dairiES,  schools,  utc. 

3.  Opportunity  of  offering,  and  in  some  cases  cimpelling, 
removal  to  hospital  in  every  suitable  case,  unless  the  8.A. 
hB^  failed  to  provide  huspital  aocommoilHtion.  Yaccination 
can  bo  offered,  and  is  rartly  refused  in  hooseholda  invaded  by 
•mall-pox. 

4.  Opportunity  of  investigating  the  sanitary  conditions  ol 
■all  houaeholds  in  which  cases  of  enteric  fever,  or  diphtheria,  or 
i>tbei' notified  disease  may  occur. 

b.  Power  to  control  the  spread  of  infection  through  schools 
or  other  centres,  by  excluding  members  of  infected  households, 
Q.  Means  of  detecting  at  onue  any  suspicions  grouping  of 
SB  around  schools,  milli  supplies,  water  supplies,  or  other 
.oommou  foci.  A  comparison  of  the  data  obtained  by  the 
routine  inquiries  into  each  notified  case  will  at  once  revoai  this, 
although  there  may  be  nothing  in  any  single  case  to  arouse 
'"'  ~  "uapicionH  of  the  frieoila  or  uf  the  medical  attendunt. 

n  several  towns  it  has  beea  found  possible,  with 
4^  aid  of  notification,  to  isolate  ui  hospital  all  tlie 
'■oases  of  amall-pox  and  three-quarters,  or  more,  of  the 
jBOarlet-fever,  and  to  establish  a  eordan  of  vaccination 
iiround  eafih  new  small-pox  centre.  Very  few  towns 
iiiave  made  adequate  provision  for  the  hospital  isolation 
vof  eutenc  fever,  nor  is  there  as  yet  any  absolutely 
'pliable  prophylactic  such  as  vaccination  ia  be  offered, 
»nd,  moi-eover,  the  danger  of  spread  of  infection 
Sfrom  person  to  person  by  ordinary  proximity  or 
Contact  is  less  marked  than  in  small-pox  or  acarlet- 
"  ver;  hence  notification  brings  to  bear  comparatively 
ight  reinforcements  of  preventive  measures,  bat  it  1 
18  great  value  in  bringing  to  light  any  grouping  of  I 
ees  around  a  water  or  milk  auppVy  ot  uftiwc  cwohbss^ 
use,       Dipbtherm    is  move   lesion's     iiOTSi'tt»-^^'=»^ 
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from  person  to  person,  but  in  other  respects  the  same 
considerations  apply.  Tlie  notification  of  diphtheria 
can  scarcely  be  complete  or  satisfactory,  owing  to  the 
number  of  slight  and  almost  undistinguishable  cases, 
and  hospital  isolation  upon  an  adequate  scale  has  not 
yet  been  tried. 

Epidemic  prevalence  of  disease  is  determined  by 
many  causes,  of  which  some  are  still  unknown  to  us, 
and  others  (including  climatic  conditions)  are  beyond 
human  control.  Against  such  influences,  unless  they 
should  prove  to  be  operative  merely  by  increasing  the 
facilities  for  the  spread  of  infection  in  ordinary  ways 
from  person  to  person,  notification  and  the  precautions 
which  it  renders  possible  are  of  no  avail,  and  epidemics 
will  continue  to  occur  in  spite  of  it.  Nevertheless  the 
known  and  preventible  causes,  such  as  the  trans- 
mission of  infection  from  person  to  person,  or  by  means 
of  milk,  are  factors  of  the  utmost  importance,  and  it 
is  safe  to  affirm  that,  however  great  or  however  small 
may  be  the  total  number  of  victims,  the  suppression 
of  known  and  preventible  favouring  conditions  renders 
the  danger  less  than  it  would  otherwise  have  been. 
Individuals  may  be  saved,  and  widespread  outbreaks 
delayed,  restricted,  or  averted. 

The  question  whether  measles  ought  to  be  added 
to  the  list  of  notified  diseases  is  an  important  one. 
It  is  more  than  doubtful  if  any  legislation  could  at 
present  bring  about  a  complete  notification  of  measles, 
and,  if  such  could  be  obtained,  whether  it  would  be 
worth  while,  for  the  following  reasons,  (i.)  Medical 
advice  is  frequently  not  taken  in  mild  forms  of 
measles,  (ii.)  It  is  a  purely  epidemic  disease,  which 
has  no  relation  to  water  or  milk  supplies,  or 
to  defects  of  drainage,  (iii.)  There  is  no  vaccina- 
tioii.  Isolation  and  disinfection  are,  therefore,  the 
sole  preventive  measures  w\v\e\v  cowVi  b^  brought 
to  hear  against  measles,  evew  Vl  \\.  ^ev^  ^<^^^^^^  \^ 
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obtain  complete  notiticHtioii.  Isolation  in  the  homes 
of  tlie  poor  is  impracticable,  and  isolation  in  hospitals 
'Would  entail  a  formidable  addition  to  their  present 
.  The  i-esults  of  iaoiation  also  are  far  less  likely 
Jlo  be  satisfactory  in  measles  than  in  scarlet-fever, 
and  as  a  very  large  proportion  of  the  aufFerera  are 
^infejitg,  there  would  be  great  reluctance  on  the  part 
^  parents  to  consent  to  removal,  (iv.)  Infection 
tiegins  generally  at  lea&t  three  days  before  the  raah 
•ppears.  (v.)  There  is  a  long  incubation  period 
which  adds  to  the  difficulty.  (vL)  Lastly,  measles 
js  often  so  widespread  that  few  susceptible  children 
ifemong  the  working  classes  escape,  and  measures  of 
lotification  and  isolation  would  be  on  too  vast  a  scale 
u  make  them  worth  whila 

That  valuable  information  would  be  derived  from 

tiotificatiou  of  measles  cannot  be  doubted,  and  from 

this  point  of  view  its  inclusion  in  the  schedule  of 

notified  diseases  is  desirable.     It  is  urged,  also,  that 

.    evon  an  incomplete  ttotitication  would  be  invaluable  in 

rendering  possible  early  control  over  school-infection  ; 

jl    that    hospital    isolation  of  measles   would   no   longer 

^nppear  impracticable  if  epidemics  were  not  allowed  to 

^Efffoceed  unchecked ;  and  that  notidcation  of  measles 

I    ■would  bring  to  light  many  cases  of  scarlet-fever  which, 

in  the  absence  of  any  medical  inspection,  are  regarded 

by  the  parents  as  "  only  measles."     This  last  argument 

points  to  the  notification  of  rotheln  and  chicken-pox. 

The  same  cousidei-ations  api)ly  to  whooping  cough 

also.     About  2  per  cent,  of  the  sanitary  authorities  of 

Great    Britain    have    voluntarily    made    raeasles   a 

notifiable  disease  for  a  longer  or  shorter  period.     On 

the    whole,    however,    the    system    has   not  been   of 

permanent    value.     In    London  in  1904  the  disease 

waa  scheduled  under  the  Public  Health  (liOYidssvO\  K.**. 

as  a  "dangerous  infectious  dlaease"  to  w\i\^  ?K.dOissv" 

deatiiig  with  disinfection,   expoaure  oi  ■^e'c^waa- 
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shoald  apply.  Yolontary-  notification  has  also  liden 
applied  to  phthiBiB  in  a  number  of  fianitarj  diatriofa^ 
indadin|{  ICancheBter,  Brighton,  and  many  of  the 
metropolitali  boroughs.  In  SheflBeld,  by  a  local  Act 
of  1903,  oompulsory  notification  of  phtUoui  has  been 
established  for  an  experimental  period  of  seren  yeara 
The  regulations  of  the  ]b.O.B.  require  that  upon 
reoeiTing  idkxrmation  of  any  outbreak  of  dangeroiw 
infectious  disease  the  X.O.S.  shall  at  once  make 
full  inquiries,  and  adopt  such  precautionary  measures 
as  he  may  consider  requisite.  The  necessaiy  inquiries 
and  inyestigations  are  simplified  and  made  more 
systematic  by  the  use  of  printed  forms  witii  spaces  far 
the  insertion  of  the  details  for  each  notifiable  diseaaei 
Those  used  for  scarlet-fever,'  enteric  fever,  and 
diphtheria,  should  give  prominence  to  the  details  of 
milk  supply  and  other  diannels  of  infection. 

The  following  inquiries  should  be  made  in  all  cases : — 

1.  Fatietit, — ^Address,  name,  sex,  age,  date  of  onset,  date  ol 
rash,  present  and  past  isolation,  probable  source  of  infection, 
recent  contact  with  infected  persons  or  things. 

2.  Household  (including  patient). — Sex  and  age  of  each 
inmate,  suticeptibility  (hs  shown  by  history  as  to  previous 
attack),  date  of  previous  attack  (if  any),  occupation,  pLice  of 
work  or  school,  and  date  of  last  attendance  thereat. 

3.  Work  or  business  carried  on  in  the  house, 

4.  Water  supply  and  milk  supply, 

5.  Sanitary  condition  of  premises  and  surroundings. 

6.  Previous  cases  of  the  disease,  or  of  conditions  allied  to  it 
or  simulating  it  in  the  home  or  in  the  vicinity,  or  at  the  school 
or  work-place, 

7.  Possible  sources  of  infection: — (1)  Visits;  (2)  Yiaiton; 

(3)   Place  of  work;    (4)  Food,    milk,    ice  cream,   shell  fish, 

watercress,  etc. — what,    when,  where  purchased,  oonditiaB; 

(5)  Water;  (6)  Previous  ca&ea  of  sick  headache,  sore  throst^ 

or  di'arrhcEja  in  the  house  ox  TLe\s^i)Wi>aLs\\s>QftL\  ^\  8<^oolj. 
including  Sundays ;  (S")  "Dram  TiOA3aa.Tit^^,  vA.  ox  t^kax^^sobi^^ 
^^)  Tailoring,  washing,  maiigWug. 


Registers  of  Sick^e\s 
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^F.  In  dealing  with  aa  outhresk  of  small-pox,  further  inquiiy 
Hp)atiat  bo  made  regarding  the  condition  of  eanli  indiildiuil  ks  ti> 
I,     taeciDalion  and  revnccination,  noting  the  dntei. 

Ineoleric  and  diphUima  cnaoB  noto  shonld  be -talien  of  the 
previouB  state  ot  health  of  the  patient,  the  duration  oF  hia 
residence  in  the  house,  and  the  occarroncq  of  any  BitlmeBS 
among  dome^tio  animala. 

The  precautionary  measures  to  be  enjoined,  and  if  necessary 
onfuTced,  will  vary  with  the  nature  of   the  disease  and  the 
itt  of  each  individual  case-    ' 


Reg'lBlers  of  sickness. — From  the  report  sheets 
more  important  details  can  lie  entered  in  registers, 
a  process  which  involves  very  little  coat  of  trouble 
and  time,  and  gives  a  comprehensive  view  of  the  facta 
that  cannot  be  attained  in  any  other  way.  Each 
disease  should  htive  its  separate  register,  the  columns 
of  which  may  be  headed  as  follows  r — 


No. 

PlfliCe  of  wort  or  Bchool. 

District. 
Address. 

Date    of   last   attendance   at 
ditto. 

Kama  of  paHent. 

Milk  snppiv. 

Ovcupation. 

Water  supuly. 

Sox. 

Sanitary  notue. 

Age. 

Dateof  onwt. 

Other  cases  in  household. 

„    „  notification. 

Medical  attendant. 

„    „  receipt  of  di 

to. 

Oonentl    notes,    as    to    pre- 

„    „  removal  to  hospital. 

cautions,  history,  otc. 

(Vaccination :  dato  and  con- 

Hcsult, and  date  of 

dition.} 

or  death. 

If  such  registers  are  kept  system  aticatly,  any  aui 
picioua  grouping  of  cases  in  any  given  locality,  or  i 
connection    with  any  particular  water  supply,   milk 
supply,  school,  or  workplace,  cannot  fail  to  attract^ 
attention  at  onOR. 

Disease  maps. — Mups  showing  the  distribut 
of  disease  according  to  locality  can  be  TeaAvVj  v*^ 
from  the  information  given  in  IW  tfe-^iA,  Aw«>* 
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registenL  Alorge-floale  map  va  needed  for  crowded 
districts.  Each  disease  being  represented  bjr  a  parti- 
cular colour^  a  spot  of  this'  colour  or  a  oblonred 
pin  is  placed  on  every  house  invaded  by  the  dincmsn  in 
question.  Each  map  may  serve  for  one  or-  mom 
diseases,  and  for  a  whole  year,  or  such  shorter  time 
as  may  be  determined. 

laolatiaa  af  tbe  patleat.— Hospital  isolatioa 
should  be  urged  in  all  cases  where  practicable,  and  csa 
be  enforced  under  the  conditions  specified  ■  in  the 
Public  Health  Act,  1875,  s.  124,  and  the  PaUic 
Health  (London)  Act,  1891,  ss.  66  and  67.  Much  may 
be  done  by  persuasion,  by  pointing  out  the  benefit 
to  be  derived  by  the  patient  as  regards  nursings  food, 
and  greater  .  liberty  during  convalescence,  and  bjr 
explaining  the  protracted  course  of  the  disease^  the 
risk  cf  infection,  and  the  inconvenience  or  impossi- 
bility of  maintaining  due  isolation  at  home.  There 
will  rarely  be  much  difficulty  in  removing  small-pox 
cases  (see  pp.  218-228). 

Failing  removal  to  hospital,  the  arrangements  for 
home  isolation  must  be  made  as  complete  as 
possible,  but  in  an  ordinary  household  of  the  working 
class  due  isolation  is  impracticable,  except  perhaps 
at  first.  In  large  households  it  may  be  possible  to 
obtain  complete  isolation  and  to  maintain  it  through- 
out the  illness  upon  the  lines  indicated  below. 

(i.)  Arrangement  of  the  sick  room.  — The  pati^it 
should   be    kept    in  one    or  two  rooms,  preferably 
at   the  top  of  the  house,   or  in  a  detached   win|^ 
exclusively  set  apart  for  his  use.     A  fire  should  be 
kept  burning  for  the  sake  of  ventilation  and  destroy- 
ing waste  material,  even  when  not  required  for  heating 
purposes.     It  tends  to   secure  an  indraught  at  the 
dfoor,  but   provision  mxxsfc  be  made  for  the  constant 
entry  of  fresh  air  \>y  lYie  mxAQ^  w  q^^x  ^^^tik^or. 
The  door  mu^t  be  VeigX.  dax>^\i*     ^  ^^^"^  "^  ^"^^i^Nssa 
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outside  the  door,  and  is  useful  in  some  ways  ;  but 
little  is  gained  by  wetting  it  with  "  disinfectant " 
solutions,  since  any  infected  air  which  might  escape 
would  pass  under  or  round  it  i-ather  than  through 
it.  No  one  except  the  persons  in  actual  charge  of 
the  patient  should  he  allowed  to  enter  the  room. 
No  one  should  leave  the  room  without  washing  hands 
and  changing  outer  garments,  and  an  adjoining  room 
may  be  used  for  this  purpose.  No  food  should  he 
taken  out  of  the  aick  room,  nor  any  clothing  or  utensils 
without  previous  disinfection.  Any  effluvia  in  the 
room  should  he  prevented  or  removed  by  free  ventila- 
tion ;  and,  if  necessary,  the  air  may  be  "  sweetened  " 
by  the  moderate  use  of  sanitas,  thymol,  chloride  of 
lime,  or  other  deodorant,  in  the  form  of  spray ;  but 
deodorants  should  not  be  regarded  as  disinfectants,  and 
in  other  pai-fcs  of  the  house  they  serve  no  useful  purpose 
whatever. 

(ii.)  Dimnfeetion  during  the  illness. — A  plentiful 
BU]i])ly  of  1  per  1,000  mercuric  chloride  solution  (or 
10  per  cent,  carbolic  solution)  should  be  provided. 
Disinfection  of  excreta  and  aeei-etions  may  he  attempted 
by  adding  an  equal  bulk  of  the  solution,  which  may 
with  advantage  be  placed  in  the  vessel  before  receiving 
the  excreta.  Old  linen  should  be  used  in  place  of 
pocket-handkeivhiefs,  and  after  use  thrown  into  the 
fire.  Linen,  etc.,  requiring  washing  should  he  placed 
in  n  large  vessel  filled  with  the  disinfectant  solution  ; 
such  articles  should  subsequently  be  rinsed  in  water  be- 
fore washing,  to  remove  the  disinfectant.  All  utensils 
should  be  similarly  disinfected  before  leaving  the  room. 

(iii.)  Final  disinfection  al  the  end 0/ the  case,  (a)  All 
linen,  cotton,  and  silk  articles  which  can  be  removed 
should  be  boiled  for  ten  minutes,  but  exception  must 
be  made  in  respect  of  certain  dyed  fabciiia  wtA  c&«s 
special  articles;  (b)  all  movable  textCve  -nvsAjena!!! 
irhich  cannot  be  hoiJed — including  b\an.Vefea  M^i  '^<*^' 
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at  an  end,  and  final  disinfection  of  the  premifies  iB 
needed. 

HlsiBfeetfan  shonld  always  be  carried  out  under 
thedirectionofthesanitary  staffat  theendof  the  case, 
but  diainfectants  may  be  supplied  gratoitoualy  by  the 
8.A.  for  use  during  the  illness.  Clothing  and  all 
movable  articles  should  either  be  boiled  at  home^  or 
removed  to  a  disinfecting  station  and  treated  by  steam 
or  hot  air ;  rooms,  and  articles  that  cannot  be  removed, 
should  be  disinfected  in  the  manner,  described  on 
page  459  {fee  also  Chap.  xiiL). 

When  the  patient  is  removed  to  hospital  the 
premises  may  be  disinfected  at  once,  but  the  ooour- 
rence  of  any  later  case  will,  of  course,  necesritate  • 
repetition  of  the  process. 

Home  eases  ofEer  more  difficulty.  The  final  disr 
infection  cannot  usefully  take  place  until  alter  the 
end  of  the  infectious  stage,  as  detennined  by  the 
written  certificate  of  the  medical  attendant  or  the 
judgment  of  the  M.O.H.  It  is  desirable,  in  ord^ 
to  prevent  misunderstanding,  to  fix  a  minimum 
interval  between  onset  and  final  disinfection,  which 
in  scarlet-fever  should  not  be  less  than  six  weeks, 
and  to  explain  this  and  the  reasons  for  it  upon  the 
printed  notices  left  at  the  house. 

Sanitary  defects  must  be  remedied,  and  any  clue 
or  even  suspicion  as  to  milk  or  water  infection  must 
be  followed  up  at  once.  It  may  be  necessary  to  com- 
municate with  employers  or  other  persons,  if  there  is 
reason  to  anticipate  neglect  of  due  precautions  againsi 
conveying  infection. 

In  outbreaks  of  small-pox  it  is  necessary  to  pro- 
vide for  immediate  vaccination  or  revaccination,  and 
to  urge  it  not  only  upon  the  inmates  of  the  infected 
howsQy  but  also  upon  all  who  have  been  in  contact  with 
^hepatient,  anduponbiaiie\^ic^o>x£^9^<^i^^^  ^orkmeBu 
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observeiJ  in  this  country.  The  special  precautions 
directed  against  the  importation  of  infection  from 
dbroad  are  those  set  forth  iji  the  L.Cr.B.  Order  of 
Hoveniber  9th,  18DC,  sumiuarised  below, 

KegulatJons  as  lo  cholera,  yellow  fever, 
And  plHguC'^^^^'y  Port  Sanitary  Authority,  or  other 
B.A.  within  whose  diatriut  persoos  ure  Ukely  to  be  landed 
-.from  ships  "  coming  foreign,"  must  appoint  a  placo  tor  mooring 
■ncli  aa  are  infected,  and  must  provide  for  the  reception  of 
cases  (actnAl  or  suspected)  of  uholera,  yellow  fever,  or  plagwi. 
^Aahipis  to  he  deemed  "iofeoted"  if  there  is  or  has  been 
(during  the  voyage,  or  during-  stay  in  the  port  of  departure  or 
Jn  a  part  of  call,  any  csm  of  the  above-nsmed  diaeaeea  on 
'board.  An  infected  ship  must  hoist  a  black  and  yellow  flag 
.■when  within  thre«  miles  of  the  coast  of  England  or  Wales. 
,ThB  Customs  Officer,  who  is  the  first  to  board  the  ship,  must 
•as  Ear  OS  possible  ascertain  whether  it  is  "  infected  "  or  not, 
iSud  if  he  has  reason  to  believe  that  it  is,  or  that  it  has  come 
irom  an  infected  port,  ho  must  obtain  from  the  master  {or 
ifrora  the  aur;i:eoii  if  there  he  one)  a  written  statement  in  pre- 
aoribed  form  declaring  lie  occurrence  or  non-occurrence  of 
idases  or  suspected  cases  during  the  voyage.  If  he  finds  the 
IjAiiptobe  infected  he  must  order  the  master  to  anchor,  and 
rWQst  give  notice  to  the  B.A.  of  the  p«rt  at  which  the  ship  is 
^bout  to  calL 

•  If  from  such  warning,  or  from  other  information,  the 
tH.O.H.  has  reason  to  believe  that  any  ship  within  the 
,  Jurisdiction  of  his  S.A.  is  infected,  he  must  forthwith  visit 
4Uld  examine  it;  and  may  do  so  if  it  comes  from  an  infected 
Tt.  If  he  finds  that  there  ia  or  has  been  a  case  (of  one  of  the 
rco  diseases  in  question)  on  board,  he  must  certify  accord- 
ingly to  the  master,  who  is  thereupon  bound  to  moor  in  the 
plate  appointed.  The  KC.O.H.  mast  then  eiamine  every 
'  erson  on  board,  none  being  allowed  to  leave  the  ship  unlil 
lie  examination  is  made.  All  who  are  found  to  be  suffering 
wm  such  diseuEe  are  to  be  removed  to  the  hospital  or  place 
_^  rovided  by  the  B.A,,  if  their  condition  admit  of  it,  and  must 
not  leave  inch  place  until  the  U.O.H.  certifies  that  they 
are  free  from  the  disease.  If  they  cannot  he  removed,  the  ship 
remains  subject  to  the  control  of  the  SI.O.H.,  without  whose 
written  consent  the  infected  persons  cannot  leave  the  shig. 
Persona  certiSed  by  the  M.O.H.  to  be  avifietwi^  Ymia.  ft-Sk 
ilbiesB  which  he  suspects  may  prove  to  ba  otio  ul  fti«  ■Cti^«'i 
may  he  deUined  either  on  the  ship  01  iti  some  -eVawa  ■^tuN-AK 
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by  the  S.A.,  for  not  more  than  two  days,  in  order  that  it 
may  be  ascertained  whether  their  illness  is  or  is  not  of  the 
kind  suspected.  No  person,  not  certified  as  above,  is  to  be 
permitted  to  land,  unless  he  satisfies  the  M.O.H.  as  to  his 
name,  place  of  destination,  and  address  at  such  place ;  and  the 
M.O.H.  must  give  such  names  and  addresses  to  the  clerk  of 
the  S.A.y  who  must  transmit  them  to  the  S.A.  of  the  dis- 
tricts in  question.  The  M.O.H.  must  give  directions  and 
take  such  steps  as  may  appear  to  him  to  be  necessary  for  pre- 
venting the  spread  of  infection,  and  the  master  of  the  ship 
must  carry  out  such  directions  as  are  given  to  him.  In  the 
event  of  a  case  ending  fatally  on  board,  the  master  must,  at 
the  direction  of  the  SJ^.,  either  bury  the  body  at  sea,  pro- 
perly weighted,  or  deliver  it  to  the  S.A.  for  interment.  He 
must  disinfect,  and  if  necessary  destroy,  the  clothing,  bedding, 
and  other  articles  of  personal  use  likely  to  retain  infection, 
which  have  been  used  by  infected  persons  ;  and  disinfect  the 
ship,  and  disinfect  or  destroy  all  articles  therein  probably 
infected,  according  to  the  directions  of  the  M.O.H.  If  he 
believes  the  ship  to  be  infected,  or  to  come  from  an  infected 
port,  the  M.O.H.  may  order  the  bilge  water  and  water  ballast 
to  be  pumped  out  before  the  ship  enters  dock  ;^  or  may  catuse 
the  water-ballast  tanks  to  be  sealed,  if  emptying  them  would 
endanger  the  ship.  He  may  order  all  casks  or  tanks  containing 
drinking  water  to  be  emptied  and  cleansed,  on  the  S.A. 
providing  a  proper  supply. 

Where  a  vessel  is  not  infected,  but  has  passengers  on  board 
who  are  in  a  filthy  or  otherwise  unwholesome  condition,  the 
M.O.H.  may  certify  to  the  master  that  in  his  opinion  it  is 
desirable,  with  a  view  to  checking  the  introduction  or  spread 
of  cholera,  yellow  fever,  or  plague,  that  no  persons  shoiild  be 
allowed  to  land  until  they  have  satisfied  him  as  to  their  names 
and  places  of  destination,  and  addresses  at  such  place.  There- 
upon the  same  measures  are  to  be  adopted  as  in  case  of  persons 
permitted  to  leave  an  infected  ship. 

The  Ij.O-.B.  have  from  time  to  time  issued,  and  subse- 
quently revoked,  other  Orders  (under  the  powers  conferred 
upon  the  Board  by  s.  130  of  the  Public  Health  Act  of  1875), 
prohibiting  the  importation  of  rags,  etc.,  from  infected  foreiga 
ports,  or  requiring  that  such  goods  shall  be  disinfected  or  des- 
troyed, to  the  satisfaction  of  the  M.O.H. 
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^k         MEDICAL    OFflCEUa    OF    HEALTH    AND    SANITARY 
^V  INSPECTORa. 

H^BvEKY  Sanitary  Authority  is  required  (Public  Health 
Act,  1875,  eeca.  18fl,  190)  to  appoint  one  or  more 
medical  officers  of  health  and  an  inspector  of  nuisances. 
Two  or  more  8.A.  may  appoint  the  same  M.O.H. ; 
and,  apart  from  this,  the  L.G.B.  is  empowered 
(s.  266)  compulaorily  to  unite  districts  for  the  purpose 
of  appointing  a  K.O.E.  County  Councils  are  autho- 
rised, by  s.  17  of  the  Local  Government  Act,  1888, 
to  appoint  (county)  medical  officers  of  health,  who 
are  forbidden  to  hold  other  appointments  or  engage 
in  private  practice  without  the  written  consent  of  the 
Council, 

If  any  part  of  the  salary  of  the  3C.0.H.  of  a 
local  authority  is  repaid,  the  L.G.B.  has  the  same 
powers  in  regard  to  qualification,  appobitmeiit,  duties, 
salary,  and  tenure  of  of&ce  as  it  has  in  the  case  of  a 
Poor  Law  medical  officer  (Public  Health  Act,  s.  191). 

QnaliflCHtions. —  The  Orders  issued  by  the 
]t.G.B.  require  that  the  H.O.H.  shall  he  registered 
under  the  Medical  Act  of  1858,  and  be  qualified  by  law 
'(O  practise  both  medicine  and  surgery  in  England  and 
■SVales.  The  powers  of  the  Board  in  this  respect  are 
practically  superseded  by  the  Local  Government  Act, 
1888,  B.  18  of  which  requires  that  (except  when 
the  L.Q.B,,  for  reasons  brought  to  their  notice,  may 
see  fit  in  particular  cases  especially  to  allow)  every 
X.O.H.  appointed  after  the  passing  of  the  Act  shall 
be  legally  qualified  for  the  practice  of  medicine, 
surgery,  and  midwifery ;  and  fui*ther,  by  the  same 
section,  he  must,  if  appointed  o-ttet  'tXw  ^'lA.  '*- 
Jtuiaary,    1892,    to    a    district    \i&vmft    a-V   *&»»  \«*. 
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census  50,000  inhabitants  or  more,  appear  in  the 
Medical,  Register  as  the  holder  of  a  diploma  in 
Sanitary  Science,  Public  Health,  or  State  Medifline 
under  &  21  of  the  Medical  Act,  1886;  or  ha^e 
been,  during  some  three  consecutive  years  prior  to 
1892,  a  medical  officer  of  a  district  with  a  popnlalaQiii 
(according  to  the  last  census)  of  not  less  thim  20,0001 
or  have  l^en  for  not  less  than  three  years  a  medical 
officer  or  inspector  of  the  2i.G«B. 

Teatave  af  aflice. — ^Th^2i.O.B.havenooontrdl 
over  the  tenure  of  office  unless  a  portion  of  the  salary 
is  repaid  to  the  8.A.*  If  the  M,O^S.  be  appointed 
under  the  latter  condition,  he  may  continue  to  hold 
office  for  such  period  as  the  8.A.  may,  with  the  ap^ 
proval  of  the  1V.O.B.9  determine,  or  until  he  idifr  or 
resign,  or  be  removed  by  such  Auth(»ity  with  tbe 
consent  of  the  Ii.O.B.,  or  by  the  L.O.B.  The  BbA. 
may  suspend  him,  but  must  forthwith  report  their 
action,  together  with  the  cause,  to  the  Xi.O.B„ 
the  latter  Board  having  the  power  to  remove  the 
suspension.  If  a  8.A.  desire  to  change  the  duties 
or  salary  of  an  officer  (or  any  change  be  made  in  t^e 
extent  of  the  district),  and  he  decline  to  acquiesce 
therein,  they  may  give  him  six  months'  notice  to 
determine  lus  appointment,  but  only  with  the  consent 
of  the  L.G.B. 

Salary. — This  is  only  controlled  by  the  2i.CI.B« 
in  cases  as  above  ;  the  salary  has  then  to  be  approved 
by  the  K.G.B.,  and  with  the  consent  of  this  Board  a 
reasonable  compensation  may  be  paid  by  the  Authority 
on  account  of  extraordinary  services  or  other  'Un- 
foreseen or  special  circumstances  in  connection  with 
the  duties  of  the  M*0«H*  or  the  necessities  of  the 
district. 

*  These   contributions,  amounUng  to  half  the  salary,  aie  jMdd  1^ 
County  Councils  on  the  ceiUtic&U  ot  \.\\«'L%0.'&.«M  <2Mmed  by  tfie  SJ^ 
and  if  copies  of  the  reports  have  >)eeti  ^>a\^  i^^^n^Vi  X^'^&kwA.  ml  bf 
the  County  Oouncil* 


Chap.  XVII.]  Duties  of  M.O.H.  467 

DDtles>_-The  duties  of  medical  officers  of  health 
as  prescribed  by  tlie  L.O.B.  are  the  same  wliether  a 
contribution  is  made  to  the  salary  or  not,  excujit  that 
in  the  latter  ease  the  oiRcer  ia  obliged  to  report  his 
appointment  within  seven  days  to  the  L.G-.B, 

The  following  duties  are  prescribed  by  tbe  Board's 
Oi-der  of  March,  1891,  for  eveiy  medical  officer  of 
health  appointed  or  reappointed  after  that  date  : — 

(1)  He  shall  inform  himaeif  aa  far  as  pratticnule  rUBpeeting 
all  influences  afiecting,  or  Ihi'enteaingtoafCuct,  iajiiHously  t)ie 
poblic  heulth  within  the  district. 

(2)  He  shall  iaqiiire  into  and  itscerlain  by  such  means  a»  aia 
at  his  diapoaaJ  ths  tauses,  origin,  and  distribution  of  diseaava 
within  the  district,  and  asoertitin  to  what  eitout  the  aamo  havo 
depended  on  ct>nditiona  uipable  of  remaral  or  mitigatioo. 

(3)  Ue  shall,  hyin^pectiaa  of  the  distiict,  both  aystemati- 
cally  at  eerlain  periods,  and  at  intervals  aa  occarion  may 
requite,  keep  himself  informed  of  the  conditions  injurious  to 
health  existing  therein. 

(4)  He  "hnll  be  prepared  to  advise  the  S.  A.  on  all  metten 
aflectiog  the  health  of  the  diatriot,  iind  Od  all  sanitorj-  poiota 
iurotved  in  the  action  of  the  S.A.  ;  and  in  cases  requirmg  it 
he  shall  certify  for  the  guidance  of  the  S.A.  or  of  the  justices 
RS  to  any  matter  in  respect  of  which  the  ccrtiBcato  of  a 
M.O.H.  or  a  medical  practitioner  is  required  as  the  basis  or 
in  aid  of  sanitary  action. 

(5)  He  shall  advise  the  S.A.  on  any  queaUon  relating;  to 
health  involved  in  the  framing  and  subsequent  working  0!  such 
byelawi  and  regulations  as  Ihey  may  havo  power  to  make,  and 
as  to  the  adoption  by  the  S.A.  of  the  Infectious  Disease  [Pni- 
vention)  Act,  1890,  or  of  any  section  or  sections  of  such  Act. 

(6)  On  receiving  information  of  the  outbreak  of  any  lon- 
tagious,  infectious,  or  epidemic  disease  of  a  dangerous  character 
within  the  district,  he  shall  visit  the  spot  without  delay,  and 
inquuc  into  the  oansea  and  circumstancoa  of  suuh  outbreak,  and 
in  case  hs  ia  not  saliaGed  that  all  due  precautionB  are  being 
taken,  he  shall  advise  the  persona  competeot  to  act  as  to  the 
measures  which  may  appear  to  him  to  De  required  to  prevent 
tbe  extension  of  the  disease,  and  take  auch  moaaurca  for  tbe 
prevention  of  the  disease  aa  he  is  legally  autharieed  to  take  under 
any  statute  in  force  in  the  dietriot,  or  by  an^  lejnbiS-Ssm.  A 
the  B.A. 

L  (7i  a«bject  tu  the  iasfmotion?  ot  the  B.A..,^i»  ^^"^"^  *''«*'^ 
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or  Bnperiiitend  Uie  woric  cl  th*  inapeotor  of  nniuMMWi  ia  Uia 
iray  and  to  the  extant  that  the  8JL  ahall  approYe,  and  oa 
receiying  inlomiatioa  from  tiie  inspector  of  nmaanoes  that  hia 
interrentioin  iis  required  in  conBequenoe  of  the  existence  of  any 
nuiaanoe  injorioiia  to  health  or  of  any  OTercBOwdlBg  in  « 
hoii8e»  he  diaU,  as  eaily  as  piactioaMe^  talEe  saeh  steps  as  ha  is 
l^;a]ly  authoriaed  to  take  under  any  statute  in  loroe  in  ihtf 
distrioty  or  by  any  resolution  of  the  sLA.»  as  the  oircmnatanioaB 
of  the  case  may  Jnatify  and  require. 

(8)  In  any  caae  in  which  It  may  appear  to  him  to  he  nBeeB> 
sory  oradvisahle,  or  in  which  he  ahul  m  so  directed  by  the  H.A., 
he  shall  himself  inq;M6t  and  examine  any  animaX  oafoasa^ 
meat,  poultry,  game,  flesh,  ilsh,  fruit,  vcttetables,  qorOt  hnad, 
flour,  or  milk,  and  any  other  aitide  to  which  the  prorinoiis  <■ 
the  Pnblio  Health  Aot,  1875,  in  this  behalf  shall  miy, 
expoMd  for  sale,  or  deiNMited  for  the  purpose  of  SBle^  or  of  Mi 
varationfor  si^and  intended  lifftha  rood  of  maa,  iddn  |p 
deemed  to  he  diseaaed,  or  unsound,  or  unwholesomiBy  or  vnft 
for  the  food  <rf  man ;  andifheflndathatauoh  animal  or  aartkls 
is  diseaaed,  or  unaound,  or  unwhji^eaome,  or  unfit  for  tiM  Iboi 
of  man,  he  ahaU  gi?e  auoh  directiona  aa  may  be  neoaaaazy  Ibv 
causing  the  aame  to  be  dealt  with  bv  a  juatioeaeoording  ta 
the  prorisions  of  the  atatutes  applicable  to  the  caae. 

(9)  fie  shall  perform  all  the  duties  imposed  upon  him  bt 
any  byelaws  and  regulations  of  the  S.A.,  duly  oon&mecl, 
where  confirmation  is  legally  required,  in  respect  of  any 
matter  affecting  the  public  health,  and  touching  which  thay 
are  authorised  to  frame  byelaws  and  regulaticna. 

(10)  He  shall  inquire  into  any  ofEensive  process  of  trado 
carried  on  within  the  district,  and  report  on  the  appropriata 
means  for  the  prevention  of  any  nuisance  or  injury  to  £ealtih 
therefrom. 

(11)  He  shall  attend  at  the  office  of  the  S.A.,  or  at  aoma 
other  appointed  place,  at  such  stated  times  as  they  nq^y  direct 

(12)  He  shall  from  time  to  time  report  in  writing  to  tha 
S.A.  his  proceedings,  and  the  measures  which  may  require  to 
be  adopted  for  the  improvement  or  protection  of  the  pahUe 
health  in  the  district.  He  shall  in  like  manner  report  with 
respect  to  the  sickness  and  mortality  within  the  dialariot^  m 
iai  as  he  has  been  enabled  to  ascertain  the  same. 

(13)  He  shall  keep  a  book  or  books,  to  be  provided  by  tiM 

B,Jl,  in  which  he  shall  make  an  entry  of  his  vintBy  and  aolaa 

oi  Ma  observationB  and.  \n&\>t\]Lc\icitv&  Wi&t^ou^  and  aiao  tlia  data 

and  nature  of  applioaUonB  tobAa  \A\Lvm^^^  ^a^  ^Tif>,iwilt  a( 

the  action  taken  theieoiit  wcui  ol  wi^  wsSCvm  Xa^^i^  — *^— 
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raportB  ;  and  Bhall  produce  Buoli  book  Or  bookB,  wbonevet 
required,  to  the  S.A. 

'  (14)  He  eball  hIeo  malce  an  BDnnitl  report  to  the  B.A.  up 
to  the  end  of  Decembei'  ia  eacb  year,  compriaing  a  HLiinmBry  of 
the  action  taken,  or  which  he  has  advised  the  B^  to  take, 
during  the  year  for  prSTeating-  the  spread  of  dieeai^,  and  an 
nccouat  of  the  sanitary  stats  o[  hia  dietrict  generally  at  the  end 
of  the  year.  The  report  shall  also  contain  nn  atcoimt  of  the 
inquiries  whicb  be  baa  made  bb  Ui  coiiditions  injurious  to 
healtb  ei'stiog  in  his  district,  and  of  the  proceedinp;*  in  which 
he  has  taken  part  or  Hdvised  under  any  statute,  so  far  as  such 
proceodingB  relate  to  those  conditioDS ;  and  also  &n  account  oE 
the  anpervision  exercised  by  him,  or  on  bia  advice,  for  sanitary 
imrposea,  over  places  and  houses  that  the  S.A.  h&Te  poner  to 
JOfpilato,  with  the  nature  and  resnlta  of  any  prooeedingg  which 
JBay  have  been  ao  required  and  taken  in  respect  of  the  same 
during  the  year.  It  shall  also  reoord  the  action  taken  by  him, 
or  00  bis'ndvice,  during  the  year,  in  regard  to  offensive  trades, 
to  dairies,  cowsheds,  and  milkshope,  and  to  factories  and 
.  Workshops.  The  report  shall  also  contain  tabular  statomunta 
ton  forms  to  be  supplied  by  the  L.Q.B.  or  to  the  like  effeit) 
ol  tbe  sickness  and  mortality  within  Iho  district,  c^ussitied  ao- 
Sording  to  diseases,  ages,  and  localities.  Provided  that  if  the 
ILO.H.  shall  ceaae  to  hold  office  before  December  3!st  in 
iBiy  yeHT,  he  sball  make  the  like  report  for  ao  mucb  of  the 
'J«ax  as  shall  hare  expired  when  he  ceases  to  hold  office. 

(15)  He  sball  give  immediata  information  to  the  I..a3.of 
^y  outbreak  of  dangerous  epidemic  dise-iae  within  the  district, 
Jtnd  shall  transmit  to  the  Board  a  copy  of  each  annual  report 
'•nd  of  any  special  report.  He  shall  make  B  special  report  to 
,tlle  Ii.O.B.  of  the  grounds  of  any  advice  be  may  give  to  the 
-tLA.  with  a  view  to  the  closure  of  any  school  or  schools,  in 
Aplanance  of  the  Code  of  Regulations  approved  by  the 
Education  Department,  and  for  the  time  being  in  force. 

(16)  At  the  same  time  that  he  gives  information  to  the 
Ii.O.B.  of  the  outbreak  of  infectious  disease,  or  transmits  to 
them  ■  copy  of  bis  annual  or  any  special  report,  he  must  give 
the  like  information,  or  transmit  a  copy  of  such  report,  to  the 
County  Council  of  the  county  in  which  his  district  is  situated. 

(17}  In  matters  not  specifically  provided  for  in  this  Order  he 
fhall  observe  and  execute  any  instructions  issued  by  the 
Ii.Gt3,  and  the  lawful  orders  and  directions  of  the  S.A, 
applicable  to  his  office. 

(18)  Whenever  the  L.G.B.  ahaU  maVe  te?;tt%Bfet)ii»  \.oi  «&■ 
Kdr  any   ui   Ihg    pnrpDSes  specified  in   a.  IS*   ol   'Oivs  ^\MiR 
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Health  Aot^  1876',  and  dull  declare  the  regolaMoiiia  ao  made  to 
be  in  force  within  anj  area  comprising  ^  whole  er  aajr  part 
of  the  diitrict,  he  shall  observe  such  regulations,  so  fSar  as  fha 
same  relate  to  or  oonQem  his  ofBoe. 

The  duties  of  the  medical  officer  of  health  to  a 
Port  8  JIU  are  defined  by  the  1V.O.B.  in  terms  which 
are  doselj  paraUel  to  those  given  aboTQ,  omitting  the 
references  to  regulated  trades  and  inspection  of  fiood, 
and substatatlng  '^ships''  for  '^houses," and  *' shipping 
within  the  district "  for  "  district." 

"  He  shall  inform  himself  as  fsr  as  practicable  respeot'ng 
all  conditions  affecting  or  threatening  to  affect  injarioiaaly  the 
health  of  crews  and  other  persons  on  ship-board  within  the 

district He  shall  inquire  into  and  ascertain  by 

such  means  a*  are  at  his  disposal,  the  causes,  origin,  and  die* 
tribntion  of  diseases  in  the  ships  and  other  vessels  within  the 
district,  and  ascertain  to.  what  extent  the  same  have  depsBded 
on  conditions  capable  of  removal  or  mitigation  •  .  •  ' .  • 
He  shall,  1)7  inroection  of  the  shipping^  in  the  district,  keep 
himself  informed  of  the  condition  mjurious  to  health  existing 

therein On  receiving  information  of  the  arrivu 

within  the  district  of  any  ship  having  any  infectious  or 
epidemic  disease  of  a  dangerous  character  on  board,  or  of  the 
outbreak  of  any  such  disease  on  board  any  ship  within  the 
district,  he  shall  visit  the  vessel  without  delay,  and  inquire 
into  the  causes  and  circumstances  of  such  outbreak,  and  advise 
the  persons  competent  to  act  as  to  the  measures  which  may 
appear  to  him  to  be  required  to  prevent  the  extension  of  the 
disease,  and  so  far  as  he  may  be  lawfully  authorised  to  assist 
in  the  execution  of  the  same On  receiving  in- 
formation from  the  Inspector  of  Nuisances  that  his  intervention 
is  required  in  consequence  of  the  existence  of  any  nuisance 
injurious  to  health,  or  of  any  overcrowding  in  a  ship,  he  shall, 
as  early  as  practicable,  take  such  steps  authorised  by  the  Public 
Health  Act,  1875,  on  that  behalf,  as  the  circumstancea  of  the 

case  may  justify  and  require ,  When  any  vessdi 

within  his  district  has  had  dangerous  infectious  disease  on 
board,  he  shall  give  notice  thereof  to  the  M.O.H.  of  any  pott 
within  the  United  Kingdom  whither  such  vessel  is  about  to 

The  substance  of  C\a\i«e:a^^  ^  ^Q>m\tt\n^  the  refer- 
ence to  the  Infectious  Diae^si^  ^T^^r^xvXKsstL  Ks^^^^W^ 
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13,  13,  14  (omitting  the  reference  to  trades,  etc.),  15 
(omitting  the  reference  to  schools),  17,  and  18,  of  the 
duties  of  M.O.H.T  is  applicable  to  Fort  M.O.H., 
Siufafis  mutaTidis. 

The  atatutory  duties  of  county  medical  officers  of 
Bealth  have  not  yet  been  authoritatively  defined. 

Annnnl  reports. — The  following  instructions 
have  been  issued  hy  the  I^.G-.B. : — 

Every  M.O.H.,  appointed  under  Order  of  the  Xi.Q-.B., 
is  required  to  m»ke  hd  annual  report  with  regard  to  eHeh 
Bftnitarj  diatriet^  or  djTiHion  oE  a  district,  "which  is  under  hi^ 
•uperintendence.  This  report  is  to  bo  for  the  year  ending  the 
Slat  of  Decembor,  or,  if  tha  officer  at  tbat  date  has  not  b«en  in 
Sffioe  for  a  whole  year,  then  for  so  much  of  the  year  aa  has 
'dKpaed  since  his  appaiatment.  The  report  is  to  be  made  to 
tiia  Council  by  whom  he  is  appointed,  and  the  U.O.H. 
■Mniaelf  shouM  send  a  copy  of  it  to  the  Ii.O-.B.  and  to  the 
wnnty  Council  or  County  Councils  of  the  eounty  or  counties 
,'V>th>D  which  his  district  tnay  be  situated.  It  should  be  made 
rM  soon  as  pmctir^ble  after  the  expiration  of  the  year  to  which 
it  relates.  The  M.O.H.  ought  not,  in  general,  to  have  any 
'ilMfficulty  in  doing  thia  within  a  month  or  six  weeks ;  but  lE 
Srom  any  special  cire  11  instances  the  report  cannot  be  completed 
^ithin  sis  weeks,  it  shoald  be  understood  that  the  delay  must 
not  be  indefinite,  and  that  the  report  should  be  in  the  hands  of 
*")  Council,  and  of  the  Board,  within,  at  most,  three  monihs 
imtheendof  the  year.  Any  apecial circurastaneea prevent- 
ing the  deliver)'  rf  the  Board's  copy  within  two  months  from 
the  end  of  the  year  should  at  once  be  reported  to  the  Board. 
Thfe  Board's  copy  of  the  report  shonld  li  forwarded  to  them 
when  the  oiiginal  ia  sent  to  the  Conncil,  except  where  the 
report  is  iiltely  to  he  printed  by  order  of  the  CeimeiL  In 
such  cases  the  .Beard  need  only  be  supplied  with  a  printed 
copy.  It  is  very  desirable  tbat  the  annual  report  should  be 
pnntsd,  for  tho  sake  of  facility  of  reference  and  in  order  that 
a  supply  of  copies  may  be  available  for  distribution  among  the 
Town  or  District  Councillora  and  other  percons  interested. 

Article  18  {a.  14)  of  the  Board's  Order  of  March,  1891, 
respecting  the  duties  of  the  M.O.H.,  apeciGes  the  infor- 
mation to  be  contained  in  the  annual  report. 

The  report  should  he  chieSy  concerned  with  the  conditions 
affecting  health  in  the  district  and  with  the  ■mconft  ior  hb^i-j  ■ 
ing  those  conditions.     It  ehonld  contain  an.  ali'yyiIA,^^c>'M?pS• 
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Tip  to  Ui«  end  of  the  yoAr  nnder  review,  of  fhe  Military  oitoom* 
atanoee  of  the  district,  and  of  any  improTement  or  detfflriinHrtMa 
in  Uieae  droamatanooB  which  may  iiaTe  ooonned  dnrinc  the 
year.  One  ahoold  he  taken  to  report  folly  and  ostomy  on 
the  influeocee  afieotin^  or  threatening  to  affect  injunondy  the 
public  health  in  the  diatriot,  and  on  Uie  action  whidi  hu  heeii 
taken,  or  which  may  still  he  needed,  wiUi  a  view  to  oomhat 
those  inflaenoes.  It  ia  of  especial  importance  thai  the 
IC.O.H.  should  record  what  action  has  been  ta1t;ea  to 
remedy  tmhealthy  conditioiia  which  have  been  reported  by  him 
in  previous  annual  reports,  or  in  special  reports  preaented 
dnnng  the  year  under  review,  and  that  attention  ahoold  be 
called  afresh,  year  by  year,  to  such  as  remain  unremedied.  ' 

As  subjects  concerning  which  the  Board  desire  to  oMaiB, 
through  annual  reports  of  the  M.O.H.»  not  only  doflidte 
genenl  information,  but  record  also  of  .particular  ohao|(w  of 
condition  that  may  have  occorred  hicidentally  or  by  actum  of 
the  local  authority,  the  following  deserve  to  be  eq^eoially 
borne  in  mind : — ^ 

Physical  featurea  and  general  character  of  fhe  dislDeiot. 

House  aooommodation,  especially  for  the  woridng  daaaw : 
its  adequacy  and  fitne^  for  habitation.  Sufficiency  of  open 
space  about  houses,  and  cleanliness  of  sarroundings.  8aper> 
vision  over  erection  of  new  houses. 

Sewerage  and  drainage :  its  sufficiency  in  all  parts  of  the 
district.  Condition  of  sewers  and  house  drains.  Method  or 
methods  of  disposal  of  sewage.  Localities  where  improvements 
are  needed. 

Excrement  disposal :  system  in  vogue  ;  defects,  if  any. 

Removal  and  disposal  of  house  refuse — whether  by  public 
scavenger  or  occupiers :  frequency  and  method. 

Water  supply  of  the  District  or  its  several  parts :  its  aource 
(from  public  service  or  otherwise),  nature  (nver  water,  well 
water,  upland  water,  etc.),  sufficiency,  wholesomenees,  and 
freedom  (by  special  treatment  or  otherwise)  from  risks  of 
pollution. 

Places  over  which  the  Council  have  supervision,  «.^.,  lodg* 
ing-houses,  slaughterhouses,  dairies,  cowsheds,  and  milkahopfl^ 
bakehouses,  factories  and  workshops,  and  offensive  trades. 

*  This  list  is,  of  conrse,  not  exhaustive.  Additional  details  are  >^ 
Common  lodging-houses,  tenement-houses,  bauk-to-bock  hooaes;  House 
drainage  and  connections ;  Industries  of  the  district ;  River  pollutioii  bv 
sewage  and  trade  effluents ;  Burial  grounds  ;  Adoptive  acts.  byelawB  snai 
regulations  in  force ;  Action  taken  under  the  above,  and  under  the  Sale  of 
Food  and  Drugs  Acts ;  the  Housing  of  the  Working  Glasses  A<^ ;  OsmI 
BoB,iM  Act;  Meteorological  data;  PTevalenoe  of  epizootic  or  eptphytle 
disease;  Vaccination  (latest »vftVU\>\^T«^.x>n\%>\\i^«X^vsft»RAS»i|ju 
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icea  :  ptoceeiiinga  for  tlieir  abatement— any  cemain- 
g  unabated. 

Methoda  of  deftling  with  inEectiouH  iliBeaaea  :  notification ; 
Bolntion ;    hoflpital     accommodatian     aod     its     HuQiciency ; 

With  regard  to  such  points  it  should  be  remembered  that 
.  lose  reports  are  for  the  lofonnation  of  the  Board  and  o£  Ihe 
'  County  Council  as  well  as  of  the  Couucil  of  the  district,  and 
that  n  statement  of  the  local  tirtumaljinceB  and  a  history  of 
local  Banitury  quaationa  which  may  seem  snperSuous  for  the 
latter  may  often  be  needed  by  the  former  bodies. 

Section  132  o(  Iha  Factory  and  Workshop  Att,  1901, 
requires  that— 

"The  M.O.H.  of  every  District  Couooil  shall,  in  his 
annual  report  to  them,  report  apeciMcally  on  the  adminiBtration 
of  this  Act  in  workshops  odiI  iiorkplacss,  and  he  shall  seod  u 
copy  af  bis  annual  report,  or  ao  much  of  it  aa  deals  with  this 
subject,  to  the  Secretary  of  State  " 

The  copy  ehould  be  addressed  to  thu  Secretary  of  State, 
Home  Office,  Whitehall  and  the  fore^oia^  remarks  wilh 
respect  to  the  transmission  of  the  report  to  the  Ij.O.B.  apply 
also  to  its  traDamiasion  to  the  Home  Office 

The  M.O.H.  ia  requiri>d  to  report  on  the  admiuiatration 
of  the  Factory  and  Workshop  Act,  1901,  unly  in  so  far  as  this 
administration  ia  in  the  hanns  of  the  District  Counoil  and  is 
concerned  with  matters  in  his  department.  In  reporting  on 
the  sanitary  administration  of  workshops  and  wi,rkplacBS  he 
ebonld  include  an  account  of  the  action  with  respect  to 
factoriea,  workshops,  and  workpluces  taken  under  the  Public 
Health  Acts  aa  well  as  under  the  Factory  and  Workshop  Act, 

In  reporting-  on  the  sanitary  condition  of  workshops  and 
workplaces  the  U.O.H.  should  state  what  action  haa  been 
taken  to  remedy  any  defeotive  conditions  met  with  under  each 
beading.  He  shonid  slate  whether  a.  22  of  the  Public  Health 
Acts  (Ameitdment)  Act,  1890,  U  in  forue  in  the  district,  and 
what  stuniliird  of  "  sufficicDcy  and  suitability "  ot  sanitary 
acrommodiition  is  adopted  locally. 

As  regards  bakehouses,  s.  101,  Factory  and  Workshop  Act, 
1901,  foi'bids  the  uaa  aft«r  Ist  January,  1901,  of  any  under- 
groucd  bakehjuse,  i.e.  Hny  room  used  for  baking  or  for  any 
prouoia  incidental  thereto,  so  situate  that  the  surface  of  the 
lloor  is  more  than  three  feet  below  the  surface  ot  the  footway 
of  the  adjoining  s(]«et,  or  of  the  ground  adjoinins  or  nearest 
to  the  room,  unlfcsa,  in  the  case  of  ai\  undetgiuvmi\Hi!e.^<i'<JSfe 
su  used  at  Die  pusaiag  of  the  Factory  and  NVorlsoWi^  ^  "    ' 
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pose  as  regards  construction,  light,  ventilation,  and  in  all  other 
respect*,  and  have  given  a  certificate  of  its  suitability.  It  is 
desirable  that  the  M.O.H.  should  record  how  many  such 
certificates  of  suitability  have  been  given  by  the  !UiBtrict 
Council,  and  what  were  the  conditions  required  to  be  complied 
with  in  the  granting  of  such  certificates. 

The  M.O.H.,  in  reporting  his  proceedings  and  advice,  should 
put  on  record  whether  he  has  made  systematic  inspections  of 
his  district.  By  *^  systematic  inspections ''  are  meant  inspec- 
tions independent  of  such  inquiries  as  the  M.O.H.  may 
have  to  make  into  particular  outbreaks  of  disease,  or  into 
unwholesome  conditions  to  which  his  attention  has  been 
specially  called  by  complaints  or  otherwise;  and  such 
inspections  will  include  the  house-to-house  inspections  which 
may  be  necessary  in  particular  localities. 

In  making  systematic  inspections,  as  in  much  oE  his  other 
action,  the  M.O.H.  will  usually  have  required  the  assistance 
of  the  Inspector  of  Nuisances ;  and  the  Medical  Officer  should 
include  in  his  report  an  account  of  the  action  which,  at  his 
instance,  the  Inspector  may  have  taken  for  the  removal  of 
nuisances  injurious  to  health. 

The  report  should  deal  with  the  extent,  distribution,  and 
causes  of  disease,  especially  of  epidemic  and  notifiable  diseases, 
within  the  district ;  and  should  give  an  account  of  any  note- 
worthy outbreaks  of  such  diseases  during  the  year  under 
review,  stating  the  result  of  his  investigations  into  their  origin 
and  propagation,  and  the  steps  taken  by  him,  or  on  his  advice, 
with  a  view  to  check  their  spread. 

The  tabular  statements  of  sickness  and  mortality  in  the 
district  during  the  year,  to  be  made  on  the  forms  supplied  for 
the  purpose,  should  be  the  subject  of  comment  in  the  text  of  the 
report,  in  so  far  as  deductions  from  them  may  assist  the  Board 
and  the  Councils  concerned  to  an  appreciation  of  the  lines  of 
action  needful  in  the  future. 

Sources  of  informatioti. — Returns  of  regia^ 
tered  deaths  should  be  obtained  weekly  from  each  of 
the  registration  sub-districts  within  the  area.*    These 

*  "  Every  registrar,  when  and  as  required  by  a  SJLi  .  .  .  •  shall 
transmit  by  post  or  otherwise  a  return,  certified  under  the  hand  of  sodi 
registrar  to  be  a  true  return,  of  such  ot  the  particulars  registered  by  him 
concerning  any  death  as  may  be  specified  in  the  requisition  of  the  8JL 
The  S.A.  may  supply  a  form  of  the  prescribed  character,  for  the  purpow 
of  the  return,  and  in  that  case  the  return  shall  be  made  in  the  form  so 
supplied.  The  registrar  making  such  returns  shall  be  entitled  to  a  fee  of 
twopence,  and  to  a  further  fee  of  twopence  for  every  death  entered  in  saeh 
return,  which  fee  shall  be  paid  by  the  Authority  requiring  the  retom." 
(Mrths  arid  Deaths  lUgiatration  Act,  1874» «.  28.) 
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returns  should  give,  as  regards  every  death  registered 
during  the  week,  the  name,  age,  sex,  reaidence,  and 
occupation '  of  the  deceased,  the  nature  and  duration 
(so  far  as  stated  on  the  certi£cate  of  cause  of  death) 
of  each  primary  and  secondary  cause  of  death, 
and  the  name  of  the  certifying  practitioner.  "  Im- 
mediate notice  should  be  given  of  all  deaths  from  in- 
fectious disease  in  fresh  localities,  and  all  groujts  of 
deaths  from  such  disease,  or  from  diarrhoea,  in  any 
localities"  {L.G.B.  Memoramdunt,  daUd  June,  1882). 
A  fee  of  twopence  for  each  return  and  twopence  for 
each  entry  is  payable  by  the  Authority.  Returns 
should  also  be  obtained  from  the  registrars,  at  weekly, 
monthly,  or  quarterly  intervals,  of  the  births  registered 
ia  such  intervals ;  these  returns  should  distinguish 
between  males  and  females,  and  between  legitimate 
and  illegitimate  births.  Deaths  of  non-residents  in 
the  locality  must,  of  course,  be  distinguished  fi-om  the 
rest,  and  the  necesaaiy  indications  for  this  purpose 
should  be  given  in  the  returns.  Arrangements  must 
be  made  separately  for  information  of  the  deaths  in 
distant  public  institutions  of  residents  in  the  locality. 

Notification  reJwrjis.— Compulsory  notification  of 
certain  infectious  diseases,  voluntary  notification  of 
others,  notification  from  schools,  etc.,  all  furnish  the 
Medical  Officer  with  information  respecting  the 
occurrence  of  such  disease. 

Setums  of  pauper  eichtess. — An  order  of  the 
I..Q.B.,  dated  February  12th,  1879,  requires  all 
district  and  workhouse  medical  officers  appointed 
after  February  28th,  1879,  to  furniah  the  M.O.H. 
with  returns  of  pauper  sickness  and  deaths, 
and  to  notify  the  outbreak  of  any  dangerous 
infectious  disease.  The  same  is  required  (by  an 
order  dated  June  14th,  1879)  of  medical  officers 
of  district  schools  appointed  after  June  24th, 
The  Guardians  should  be    asked  to  instruct 
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their  d^rk  to  copy  from  the  distriot  medioal  offipor'i 
relief  lists  the  new  oases  which  are  reported  at  esdi 
meetiiiff  of  the  Guardians,  and  to  forward'  the  aame 
prompuy  snd  remlarlj  to  the  WJfMX*^  and  te 
instruct  the  Poor  £aw  medical  officers  to  giye  to  tha 
M4XJL  the  earliest  possiUe  information  of  eases  aA 
dangerous  infections  disease  under  their  chaxga 

Cases  of  dangerous  infectious  diBCSiOB  oooar- 
ring  on  canal  boats  or  in  conunon  loclging4iaiasei 
must  be  reported  to  the  M[4>.g^  and  *t&  SaA. 
have  power  to  make  byelaws  requiring  notificatiioii  of 
such  diseases  in  ^'tenement*  kdging-houses,  and  in 
vans  or  tents. 

Map9. — A  good  map  is  essential.  It  should  «hoir 
the  boundaries  of  the  district,  and  of  each  of  Ito  sab- 
divisions  (whether  parishes^  townships,  ragistratiaa 
sub-districts,  special  drainage  districts,  or  other)  wUsb 
have  a  bearibg  upon  sanitary  administration,  and  aho 
the  main  sewers  and  water-mains.  Maps  showing  the 
geology  of  the  district,  the  contour  lines,  and  the 
different  watersheds,  should  be  obtained,  if  possibla 
Maps  showing  the  local  distribution  of  diseiause  and 
mortality  have  already  been  referred  to. 

Periodical  reports ,  etc, — The  annual  and  quarterly 
reports  of  the  Registrar-General  are  indispensaUe. 
The  annual  summaries  and  weekly  returns  deal  only 
with  the  statistics  of  the  large  towns.  Reports  of  the 
inspectors  of  the  L.Q.B.  affecting  any  part  iA  the 
district  should,  of  course,  be  obtained. 

Acts  of  Parliament — In  addition  to  any  local 
Acts  in  force  in  the  district,  and  all  the  chief  statutei 
dealing  with  public  health,  the  M«0*H»  should  he 
familiar  with  any  other  Acts  which  the  special  eircoai- 
stances  of  his  district  may  render  important^  e,g»  the 
Alkali  Act.* 

*  LuDiley'8  or  Glen's  Public  HeoUlv  AcU,  Q\<£<el%  L.G.B.  SaiUtery  Qttnt 
and  the  Modd  Bydaw  of  ttte  L.G.B,  w%N«lxj«XAals»'wftfcx«iftfc*       .    . 
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Byelaws  and  reffitlations.- — The  Ityelaws  and  regu- 
lations in  force  in  the  district  can  readily  be  obtained, 
and  are  not  lesH  important  than  the  preceding. 

Census  data. — The  M-O-H.  ahoiild  be  in  possession 
of  all  the  information  regarding  hia  district  given  by 
each  census  taken  since  its  formation.  Arrangements 
should,  if  possible,  be  made  at  the  time  when  the 
census  is  taken  to  obtain  a  record  of  the  particulars 
regai-ding.  each  "  enumeration  district "  for  the  use  o£ 
the  S.A. 

It  is  desirable  to  keep  registers  showing  for  each 
village  or  hamlet  the  dates  and  particulars  of  every 
death,  and  of  every  notified  case  of  infectious  disease. 
In  towns  this  would  take  the  form  of  a  "  street  and 
house  register,"  If  cases  of  disease  as  well  as  deaths 
are  entei-ed,  they  may  be  distinguished  by  red  ink. 
Registers  of  notified  diseases  have  already  been 
referred  to,  Registers  of  all  deaths  occurring  among 
certain  trades  will  greatly  facilitate  any  future  in- 
vestigation which  the  M.O.H.  may  have  to  make 
into  the  influence  of  those  trades  upon  mortality. 

The  seemingly  formidable  records  mentioned 
above,  if  well  arranged  in  the  first  instance,  and 
systematically  kept,  involve  nmch  less  labour  than 
would  appear  at  first  sight.  They  are  invaluable  in 
inquirien  regarding  the  incidence  of  mortality  and 
disease  upon  any  given  locality  or  occupation,  and  ma- 
terially simplify  the  preparation  of  the  annual  report. 

Auxiliary  agencieB. — In  addition  to  the 
routine  work  of  the  M.O.E.  there  are  many  auxiliary 
agencies  which  may  be  established  in  his  district  or 
by  his  B-A.  which  call  for  more  or  less  of  his  atten- 
tion ;  such,  for  example,  are  voluntary  health  societies, 
crfiehes,  infant  milk  depots,  bacteriological  work, 
chemical  analysis,  meteorological  apparatus,  reception 
houses  for  infectious  "contacts,"  ba-tUa  tot  ii\'aasiKi»% 
s  /leraons,  etc. 
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Infant^  Milk  Depdts, — Infantile  mortality,  as  we  have 
seen,  bears  a  definite  relationship  to  (a)  the  feeding  of  infants, 
(b)  personal  care  of  infants  by  parents,  (c)  urban  life,  and  {d) 
certain  meteorological  conditions  affecting  temperature  and  toe 
dissemination  of  dust.  Other  elements  enter  into  the  problem, 
but,  so  far  as  municipal  action  is  concerned,  those  are  the 
four  main  elements.  The  problem,  in  practice,  is  largely  one 
of  polluted  milk.  The  sources  of  the  pollution  are  not  only  in 
unsatisfactory  methods  of  milking,  and  in  storing  and  conveying 
the  milk  supplied,  but  also  in  dirty  domestic  conditions,  and 
particularly  in  carelessness  in  the  use  of  feeding  bottles.  The 
ideal  is  breast-feeding,  and  in  respect  of  the  artificial  feeding  of 
infants  a  pure  modified  milk  supply  which  needs  no  sterilisa- 
tion ;  and  towards  that  end  our  efforts  should  be  directed.  The 
best  possible  under  existing  conditions  involves  sterilisation 
or  pasteurisation,  modification,  and  protection  from  home  con- 
tamination. Such  a  milk  supply  should  be  under  medical 
supervision  and  adopted  only  in  suitable  cases. 

It  would  appear  that  there  are  five  possible  means  of  sup- 
plying a  suitable  and  pure  milk  for  infants — (1)  By  means  of 
Municipal  Milk  Depdts  similar  to  institutions  at  Nancy  and 
Fecamp ;  (2)  By  one  or  more  dairymen  undertaking  to  furnish 
such  modified  milk  (certified)  under  medical  supervision  ;  (3) 
By  obtaining  such  a  supply  from  some  central  source  ;  (4)  By 
means  of  medical  "  milk  commissions,'*  as  in  the  United  States ; 
or  (5)  By  means  of  a  voluntary  society  supplying  such  milk 
under  necessary  supervision  and  control. 

The  French  depots  are,  broadly  speaking,  of  two  types,  the 
"consultation  denourrissons,"  as  at  Nancy,  and  the  **  goutte  de 
lait,*'  as  at  Fecamp.  The  latter  is  the  prototype  of  the  infants* 
milk  depots  established  in  this  country  at  Liverpool,  Battersea, 
and  elsewhere,  to  succour  those  infants  of  the  poor  lor  whom 
breast-feeding  is  practically  impossible.  The  milk  is  modified, 
pasteurised,  or  sterilised,  and  served  in  "  one-feed  "  bottles,  the 
amount  and  kind  of  modification  depending,  of  course,  upon 
the  age  of  the  infant.  It  is  too  early  to  speak  of  the  effect 
such  milk  depots  exert  upon  infant  mortality,  but  there  can  be 
no  question  of  their  value  if  properly  controlled.  It  is,  of 
course,  essential  that  the  milk  should  be  derived  from  healthy 
clean  cows,  and  all  the  dairying  carried  out  on  hygienic 
principles. 

Bacteriological  Laboratories. — The  great  value  of  early  and 

accurate  diagnosis  in  such  diseases  as  tuberculosis,  diphtheria, 

anthrax,  enteric  fever,  and  the  bacteriological  investigation  of 

wntcr.  milk,  cheese,  of  sewage  aii^\\.a  c^uctv^a.ot  a.\T,etc.,hasnow 

become  generally  recognised^'wiV^aL \Xie xe«v\\X.>i)waX ^^\i\Xvi^<e»5i!sJcL 
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Department  is  not  considered  fully  equipped  unless  it  is  pro- 
vided with  fa.cilities  for  bactei'iological  reaearch,  either  by 
eatattliBhiag  a  mrniicipai  labomtory  or  by  atilising  a  prtvnte 
laboratory  such  aa  those  in  coimection  with  hospitals  and 
medical  echools.  Focilitiea  should  be  provided  far  the  tree 
esaminfttinn  of  any  jnatotiali  from  infections  ca«08  sabmitted 
by  medical  men. 

Duties  of  sanlUiry  inspectors. — The  work  of 
the  Sanitary  Inspector  (or  '■'  Inspector  of  Nuisances  ") 
is  closely  connected  with  that  of  the  U.O.H,,  but  the 
broa,d  lines  separating  them  will  be  apparent  from  the 
foil  owing  definition  of  the  inspector's  duties,  formulated 
hy  the  L.O.B. 

■'  (1)  Ho  shall  perform,  either  under  the  apecial  direotionH 
of  the  B.A.,  or  (bo  far  aa  authorised  by  the  S.A.)  under  the 
directionB  of  the  M.O.H.,  or,  ia  caaes  where  no  such  direc- 
tions are  reijuired,  without  such  directions,  all  the  duties 
mecially  imposed  upon  an  Inepector  of  Nuiaancea  by  the 
Public  Health  Act,  1875,  or  by  any  other  statute  or  statutes,  or 
by  the  Orders  of  the  Ii.Q.B.,  so  far  as  the  same  apply  to  bis 

"  (3)  He  shall  attend  all  mootings  of  the  S.A.  when  to 
required. 

"  (3)  He  shall,  by  inspection  of  the  district,  both  eyste- 
maticiilly  at  ccrtaiu  periods,  and  at  intervals  as  occasion  may 
require,  keep  himself  informed  in  respect  of  the  nuisances 
existing  therein  that  requixe  abutument. 

"  (4)  On  receiving  notice  of  the  existi?Doe  of  any  nuisance 
within  the  distiiot,  or  of  the  breach  of  any  byelawa  or  regula. 
ttons  made  by  the  8.  A.  for  the  Euppression  of  nuisances,  he 
Hhall,  ax  early  at  practicable,  visit  the  spot,  and  inquire  into 
Bucb  alleged  nuisance  or  breach  of  byelawa  or  regulations. 

"  [S)  He  shall  report  to  the  B.A.  any  noxious  or  oifen~ive 
businesses,  trades,  or  manufiLctories  established  within  the 
district,  and  the  breach  or  non-observance  of  any  byelawe  or 
regulations  made  in  respect  of  the  same, 

'*  (6)  He  shall  report  to  the  S.A.  any  damage  done  to  any 
works  of  water  supply,  or  other  works  belonging  to  tboni,  and 
also  any  case  of  wilful  or  negiipent  waste  o£  water  suppli^  by 
them,  or  any  fouling,  by  gas,  filtb,  or  otherwise,  of  water  used 
for  domestic  purpoaes. 

"  (7}  He  shall   from   time  to  lime,  ani  loifti-«"\'ftv  \iV» 
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oomnlti]it,  yint  and  inspeofc  the  shops  aad  plaoes  kept  or  ued 
ior  uie  prepojnition  or  Mue  of  butcher's  mea^  poultry,  flah,  fmi^ 
vegetables,  00m,  bread,  flour,  milk,  or  any  other  artide  to  which 
the  poviaons  of  the  Public  Health  Act,  1876,  in  this  behaU 
shall  aoply,  and  ttcamine  any  animal,  carcase,  meaf^  poultry, 
game,  flesh,,  fish,  fruity  vegetables,  com,  bread,  flour,  millc,  or 
other  article  as  aforesaid,  which  may  be  therein ;  and  in  case 
any  such  article  appear  to  him  to  be  intended  lor  the  food  d 
man,  and  to  be  uzint  lor  such  food,  he  shall  cause  the  same  to 
be  seised,  and  take  such  other  nroceedings  as  ma^  be  itooesaaiy 
in  order  to  have  the  same  dealt  with  by  a  Justice :  providsd 
that  in  any  case  of  doubt  aris^  under  this  dause,  no.  shall 
report  the  matter  to  the  1C.O.H.,  with  the  view  of  obtaining 
his  advice  thereon. 

''(8)  He  shall,  when  and  as  directed'  by  the  8.A.,  nroours 
and  submit  samples  of  food,  drink,  or  drugs,  suspeetod  to  be 
adulterated,  to  be  analysed  by  the  analyst  ai^inted  under  the 
Sale  of  Food  and  Drugs  Act,  1875,  and  upon  receiving  a  eei> 
tificate  stating  that  tlie  artidee  of  food,  drink,  or  drags  are 
adulterated,  cause  a  complaint  to  be  n^ide,  and  take  other 
proceedings  prescribed  bjr  that.  Act 

**(9)  He  shall  ^ve  immediate  notice  to  the  lC.Ol.Hi  d 
the  occurrence  within  the  district  of  any  contagious,  infeoiioni^ 
or  epidemic  disease ;  and  whenever  it  appears  to  him  that  the 
intervention  of  such  officer  is  necessary,  in  consequence  of  the 
existence  of  any  nuisance  injurious  to  health,  or  of  any  over- 
crowding in  a  house,  he  shall  forthwith  inform  the  M.O.H. 
thereof. 

*'(10)  He  shall,  subject  to  the  directions  of  the  S.A^ 
attend  to  the  instructions  of  the  M.O  H.  with  respect  to  any 
measures  which  can  be  lawfully  taken  by  an  Inspector  d 
Nuisances  imder  the  Public  Health  Act,  1876,  or  under  any 
statute  or  statutes,  for  preventing  the  spread  of  contagious, 
infectious,  or  epidemic  disease  of  a  dangerous  character. 

'*  (Ijh  He  imall  enter  from  day  to  day,  in  a  book  provided 
by  the  8.A.,  particulars  of  his  inspections,  and  of  the  action 
taken  by  him  in  the  execution  of  his  duties.  He  shall  also 
keep  a  book  or  books,  to  be  provided  by  the  8.A..  so  arranged 
as  to  form  as  far  as  possible  a  continuous  record  of  the  aanitazy 
condition  of  each  of  the  premises  in  respect  of  which  any  aotion 
has  been  taken  under  the  Public  Health  Act,  1875,  or  imder 
any  other  statute  or  statutes,  and  shall  keep  any  other 
systematic  records  that  the  S.  A.  may  require. 

'<  (12)  He  sludl,  at  all  reasonable  times,  when  applied  to  by 
the  M.O.H.,  produce  to  Yim  Viis  books,  or  any  of  them,  aai 
render  to  him  such  iniormaAian  «a  V^  \fia:^\^  «.\^le  to  funuUi 
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with  respect  to  any  matter  to  which  the  duties  of  Inspector  of 
Nuisances  relate. 

<<  (13)  He  shall,  if  directed  by  the  8. A.  to  do  so,  superin- 
tend and  see  to  the  due  execution  of  all  works  which  may  be 
undertaken  under  their  direction  for  the  suppression  or  removal 
of  nuisances  within  the  district. 

**  (14)  He  shall,  if  directed  by  the  S.A.  to  do  so,  act  as 
OfiScer  of  the  said  Authority  as  Local  Authority  under  the 
Contagious  Diseases  (Animals)  Act,  1886,  and  any  Orders  or 
Begulations  made  thereunder. 

"(15)  In  matters  not  specially  provided  for  in  this  Order, 
he  shall  observe  and  execute  all  the  lawful  orders  and  directions 
of  the  S.A.,  and  the  Orders  of  the  Ij.Q.B.,  which  may  be 
hereafter  issued,  applicable  to  his  office." 

The  above  statement  of  duties  is  general,  and  the 
details  must  be  sought  in  the  Acts,  Orders,  Bye-laws, 
and  Kegulations,  and  in  the  instructions  of  the  S.A. 
It  is  competent  for  the  S.A.  to  specialise  the  work  of 
the  Sanitary  Inspectors  (e.g.  inspection  of  meat, 
inspection  of  workshops),  or  to  appoint  women  in  that 
capacity. 
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CHAPTER    XVIII. 

SANITARY   LAW. 

Under  this  heading  it  is  proposed  to  give  a  sum- 
mary of  the  principal  Acts  of  Parliament  bearing 
upon  public  health  in  general,  reserving  for  con- 
sideration in  later  chapters  industrial  legislation 
and  local  bye-laws. 

As  elsewhere  in  this  volume,  S.A.  stands  for 
Sanitary  Authority,  L.Q.B.  for  Local  Government 
Board,  and  M.O.K,  for  Medical  Officer  of  Health. 

Public  Health  Act,  l§'y5.— The  whole  of 
England  and  Wales,  except  London,  consists  of  Urban 
fiind  Rural  Sanitary  Districts,  under  the  jurisdiction 
respectively  of  Urban  and  Rural  S.A/s  (s.  5),  which, 
in  pursuance  of  the  Local  Government  Act  of  1894, 
are  now  termed  Urban  and  Rural  District  Councils. 
That  portion  of  the  area  of  a  Union  which  is  not  in- 
cluded in  any  Urban  District  constitutes  a  Rural 
Sanitary  District,  and  the  guardians  representing  that 
pari  of  the  union  are  the  Rural  S.A.  (s.  9). 

Sewers,  except  certain  private  sewers,  are  vested 
in  the  S.A.  of  the  district  (s.  13).  The  S.A.  may 
purchase  (s.  14)  or  construct  (s.  15)  sewers.  They 
must  provide  such  sewers  as  are  necessary  for  effectu- 
ally draining  their  district  (s.  15).  Powers  are  given 
by  s.  27  for  the  treatment  and  disposal  of  sewage. 
The  sewers  must  be  so  constructed,  covered,  venti- 
lated, and  kept  as  not  to  be  a  nuisance  or  injurious 
to  health,  and  must  be  properly  cleansed  (s.  19). 

House  drainage. — If  any  house  is  without  a  suffi- 
cient  drain   the  S.A.    must    require   the   owner   or 
occupier  to  provide  a  dram,  «crid  may  prescribe  the 
materials,  size,  and  \e^e\s».    "l^^V^  ^^^m  \v\m^\.  Vaji.  ta 
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the  public  eewei-  i£  there  be  any  within  100  feet  of 
the  site  of  the  house  ;  if  not,  to  a  covered  cesspool  in 
sucli  position  (not  under  a  house)  as  the  S.A.  may 
direct.  Failing  compliance,  the  Authority  may  carry 
out  the  works.  No  house  in  an  urban  district  must  be 
built  or  occupied  until  proper  covered  drains  have 
been  cunstructed  to  the  satisfaction  of  the  S.A.  The 
S.A.  may  make  regulations  aa  to  the  mode  in  which 
connections  between  drains  and  sewers  are  to  be  made. 
Upon  giving  due  notice,  and  complying  with  such 
regulations,  the  owner  of  any  premises  is  eotitled  ia 
carry  drains  into  the  public  sewera  (sections  31   25). 

Excrenimt  and  rtfuse    disposal. — It  is  unlawful 

to  erect  any  house  without  a  sufficient  water-closeti 

earth-closet,  or  privy,  and  an  ashpit  with  proper  doors 

and  coverings,  and  the  same  must  be  provided  for  any 

existing  house  on  tlie  order  of  the  S.A.,'  who  may 

require  a  separate  closet  for  each  house  {sections  SS- 

■£6).     The  S.A.  may  order  the  provision  of  separate 

^osets  for  each  sex  in  factories  and  workshops  where 

feoth  sexes  are  employed  (s.  38) ;  this  applies  also  to 

I'jlbove-grouiid  parts  of  coal-mines  if  women  and  girls  are 

Fwmployed  (Coal  Mines  Regulation  Act,  1872,  s.  74) — 

I- tie  corresponding  parts  (pit-banks)  of  metalliferous 

I'ttines  are  factories  or  workshops.     Urban  S.A.'b  may 

i.Wovide  public  closets,  urinals,  or  receptacles  for  refuse 

lirtections    39,  45).     Every    S.A.  must    see  that  all 

■  aa,  closets,  ashpits,  and  cesspools  are  properly  cou- 

Btructed  and  kept  (s.  40). 

On  written  complaint  that  any  drain,  closet,  ash- 

or  cesspool  is  a  nuisance,  the  S.A.  may  authorise 

r  officer  to  enter  the  premises  (after  giving  twenty- 

■  hours'  notice,  except  in  case  of  emergency)  and 

open  the  ground ;  if  any  defect  is  found,  the  S.A.  must 

serve  notice  upon  the  owner  or  occupier  ;  but  if  there 

be  no  defect,  the  S.A.  must  close  V\ie  ^  ~         ^ 

.  make  g'ood  Aiiy  damage. 
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Scavengiiig  and  cleansing, — The  S.A.  'trmy,  and 
Arhen  required  by  order  of  the  L.G.B.  skaH,  them- 
selves undertake  or  contract  for  the  removal  of  house 
refuse,  the  cleansing  of  earth-closets,  privies,  ashpits, 
and  cesspools,  and  cleansing  of  streets  (s.  42). 
In  that  case  they  are  liable  to  penalty  for  any  delay 
exceeding  seven  days  after  written  notice  from  any 
householder. 

Cleansing  of  Houses. — If  the  M.O.H.  or  two 
medical  practitioners  certify  that  any  house  or  part 
thereof  is  so  filthy  as  to  endanger  health,  or  that  the 
whitewashing,  cleansing,  or  purifying  thereof  would 
tend  to  prevent  infectious  disease,  the  S.A.  may  re- . 
quire  the  owner  or  occupier  to  cleanse,  etc.,  and  in 
his  default  may  themselves  do  what  is  necessary 
(s.  46). 

It  is  unlawful  in  an  urban  district  to  keep  swine 
in  any  dwelling-house,  or  so  as  to  be  a  nuisance,  or 
to  sufier  any  waste  water  to  remain  within  any 
dwelling-house  for  twenty-four  hours  after  written 
notice  from  the  S.A.,  or  to  allow  the  contents  of  any 
water-closet,  privy,  or  cesspool  to  ovei^ow  or  soak 
therefrom.  In  case  of  default,  the  S.A.  must  abate 
such  nuisance  (s.  47). 

An  inspector  of  nuisances  in  an  urban  district 
may  give  notice  to  the  owner  of  any  accumulation  of 
oifensive  matter,  or  to  the  occupier  of  the  premises 
whereon  it  exists,  and  if  not  removed  within  twenty- 
four  hours,  it  becomes  vested  in  the  S.A.  to  be 
disposed  of  by  them  (s.  49).  An  urban  S.A. 
may  give  public  notice  requiring  the  periodical 
removal  of  manure  or  other  refuse  matter  from 
stables  or  other  premises  and  enforce  the  same  under 
penalty  (s.  50). 

Water  supply, — Any  S.A.  may  *  construct  works 
for  supplying  any  pait  oi  tlveiv  district  with  water  ; 

♦  The  wording  l^eve  \s  TpeTT\\\?^?>\\  p.  \  V\V  ste  \»^%^-?,  V^"^A^^ , 
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may  hire  or  purchase  such  works,  ov  contract  for 
snpply  (s.  51);  aiid  may  require  liouses  1 
ipplied  with  water  wheii  they  we  without  a  proper 
Lpply,  if  it  can  be  furnished  at  a  coat  not  exceeding 
le  wttter-rate  authomed  by  any  local  Act,  or  two- 

ce  a  week,  or  such  other  cost  as  the  L.Q.B.  may, 

in  application,  determine  to  be  reasonable  i 

nmstances  (s.  62). 

Heavy  penalties  are  incurred  by  persona  pol- 
iting  any  Htream,  pond,  etc.,  with  gas  washings 
(a.  68),  and  a  local  authority  may  proceed  agn' 
anyone  polluting  any  watercourse  with  sewage 
(a.  69).  A  Justice's  order  may  be  obtained  for  the 
closing  of  a  well  or  cistern  the  water  of  which 
is  used,  or  likely  to  be  used,  for  drinking  ( 
domestic  jiurposes,  when  the  water  is  so  polluted  s 
to  be  injurious  to  health,  and  the  Court  may  Cftut 
the  water  to  be  analvaeii  at  the  cohI  of  the  S.J 
(..  70). 

Cellar  dwellings. — No  cellar  huilt  or  rebuilt  sint 
18+8  (the  date  of  a  pi-evious  Act)  can  be  seiiamtely 
occupied  as  a  dwelling ;  nor  any  cellar  whatever, 
unleaa  it  comply  with  the  following  I'equiiements : 

(a)  The  height  must  in  every  part  lie  at  least 
seven  feet,  three  feet  of  which  must  be  above  the 
!e\el  of  the  adjoining  street  {!/)  An  open  area  at 
least  3^  feet  wide  in  every  part,  and  6  in,  below  the 
level  of  the  floor,  must  extend  along  the  whole 
fi'ontage.  It  may  be  crossed  by  steps,  but  not 
opposite  the  window,  (c)  The  cellar  ratiat  Iw  drained 
by  a  drain  at  least  1  foot  below  the  floor,  {rl)  There 
must  be  proper  closet  and  ashpit  accommodation,  (p) 
Tliei'e  must  be  a  fireplace  and  chimney  and  (/)  a 
window  at  least  \!  square  feet  in  area,  made  to  open. 
The  window  of  a  back  cellar  let  or  oceupJed  along 
with  a  front  cellar  neerl  only  \n>  4  WYUft-fe  \e«Si  va. J 
(sections  71  —  T3). 
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Anyone  passing  the  night  in  a  cellar  is  deemed  to 
occupy  it  (s.  74). 

Common  lodging-houses.* — The  S.A.  are  required 
to  keep  a  register  of  common  lodging-houses,  and  to 
make  byelaws  in  respect  of  them  (sections  76-80).  It 
is  unlawful  to  keep  a  common  lodging-house  unless  it 
be  registered  (s.  77),  and  this  can  only  be  done 
after  it  has  been  inspected  and  approved  (s.  78). 
The  keeper  when  required  is  to  aflSx  notice  of  regis- 
tration to  the  house. 

When  the  lodging-house  is  w^ithout  a  proper 
supply  of  water,  and  this  can  be  furnished  at  a  reason- 
able rate,  the  S.A.  may  enforce  it  (s.  81).  The 
keeper  is  required  to  limewash  the  walls  and  ceilings 
in  the  first  week  of  April  and  October  of  every  year 
(s.  82).  The  S.A.  may  require  the  keeper  of  a 
house  in  which  beggars  or  vagrants  are  received,  to 
make  returns  of  persons  who  have  slept  there  the 
previous  night  (s.  83),  and  the  keeper  must  always 
give  notice  to  the  M.O.H.  and  to  the  Relieving 
Officer  of  any  case  of  infectious  disease  (s.  84). 

Hoibses  let  in  lodgings. — Any  ^S.A.  may  make 
byelaws  respecting  houses  let  in  lodgings  or  occupied 
by  members  of  more  than  one  family  (s.  90, 
moditied  by  s.  8  of  the  Housing  of  the  Working 
Classes  Act,  1885). 

Nuisances. — (s.  91.)  The  following  are  nuisance.^. 
(1)  Any  premises'!  in  such  a  state  as  to  be  a 
nuisance  or  injurious  to  health.  (2)  Any  pool, 
ditch,  gutter,  watercourse,  privy,  urinal,  cesspool, 
drain,  J  or  ashpit,  so  foul  or  in  such  a  state  as  to  be 

*  Lodging-houses  in  which  persons  of  the  poorer  class  are  received  for 
sliort  periods,  and,  thougli  strangers  to  each  other,  are  allowed  t^  inhabit 
one  common  room.  The  term  does  not  cover  inns,  or  lodgings  let  to  the 
middle  or  upper  classes.  In  London  there  are  Common  Lodging  Houses 
Acta,  J851-3,  in  force,  incorporating  similar  powers. 
t  Including  ?;iciJdiiif|S  or  lau(^s. 

t  "  'Drain'  means"  any  dvaux  o^  oauX  wv^evV  for  the  drainage  of  one 
bu/Jding  only,  or  premises  waiuvv^Xxe  ^»■^^v*i  cvuMvVA'^fe  .  ,  .  "     ^«e\ver  is  a 
drain  receiving  the  c\ra\nageo1[  two  ot  \\\ox^\i\x\\^\\\%^. 
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a  aaisance  or  iujuriouB  to  liealtL.  (J)  Any  auiuial 
so  kept  as  to  be  a  nuisiince  or  injiirioiiB  to  health. 
(+)  Any  accumulation  or  depoait  wliich  ia  a  uuisance 
or  injurious  to  healtL*  (-5)  Any  house,t  or  part  of 
a  bouse,  so  overcrowded  ob  to  be  daugeroua  or  in- 
jurious to  the  healtli  of  the  inmates,  whether  or 
not  members  of  the  sauie  fiimily.  %  ((!)  Any  workshop, 
work-place,  or  domestic  factory,  not  kept  in  a  cleanly 
Ntate,  or  not  ventilated  in  such  a  manner  as  to  reuder 
harmless  as  far  as  practicable  any  gases,  vapours, 
I  itlust,  or  other  impurities  generated  in 
work  carried  on    therein   that   an 

s  to  health,  or  so  overcrowded  as  to  be 
^ngeroua  or  injurious  to  the  health  of  those  em- 
raoyed  therein.  §  (7)  Any  fireplace  or  furnace  which 
"ot,  as  far  as  practicable,  consume  the  smoke 
„  from  the  cocnbustible  used  tlierein,  and 
^luch  is  used  for  working  engines  by  steam,  or 
I  any  manufacturing  or  trade  process  whatever ; 
id  any  chimney  (not  being  the  chimney  of  a 
^vate  dwelling-house)  sending  forth  black  smoke 
a  such  quantity  as  to  be  a  nuisance.  {| 
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loiter  Aota  have  .eaEtended  tiiis  defiDition.  Thus  work* 
shops  or  workplaoet  (lolJkept  fcee  from  effluvia  arising  from 
any  dxainy  dowt,  or  oilier  nuiaance  (Eaotory  Act  1902,  a.  2) ; 
workshops  in  an^  room  of  which  sufficient  ventilatioin  is  not 
provided  and  mamtained,  or  in  which  the  processes  oaixied  on 
render  the  floor  wet,  and  the  floor  is  not  adequately  drained 
(Factory  Act,  s.  78— «m  a2ro  ^.  547) ;  teats  or  vans  so  fllthy 
or  overcrowded  as  to  be  a  nuisance  or  injurious  to  health 
(Housing  Working  Glasses  Act»  1885,  s.  9),  and  unlenoed 
quarries  (Quarry  Fencing  Act,  1887,  s.  8)  or  unfenoed  shafts 
of  disused  metalliferous  mines  (Metalliferous  Mines  Begula* 
tion  Act»  1872,  s.  13)  within  60  yards  of  a  highway^  are 
nuisances  under  s.  91, 1875. 

Procedure  in  respect  qf  imieances. — It  ia  (1)  the 
duty  of  the  8.A.  tocausetobe  made  from  time  to  time 
an  inspection  of  their  district,  to  ascertain  what 
nnisanceB  exist,  but  (2)  the  8-A.  may  be  put  in 
motion  by  any  person  aggrieved,  or  by  any  two 
householders  or  by  any  officer  of  the  MJL,  or  by 
the  Believing  Officer,  or  by  any  officer  of  the  police. 
(3)  If  satisfied  as  to  the  existence  of  a  nuisance, 
the  S.A.  must  serve  a  notice  on  the  person  responsible, 
or  if  he  cannot  be  found,  on  the  owner  or  occupier, 
requiring  him  to  abate  it,  and  to  execute  such  works 
and  do  such  things  as  may  be  necessary.  Where  the 
nuisance  arises  from  the  want  or  defect  of  any 
structural  convenience,  or  where  there  is  no  occupier, 
notice  must  be  served  on  the  owner.  If  the  person 
causing  the  nuisance  cannot  be  found,  and  the  owner 
or  occupier  is  not  responsible^  the  local  authority 
may  abate  the  nuisance.  (4)  If  the  person  on  whom 
the  notice  is  served  fails  to  comply,  or  if  the  nuisance, 
although  abated,  is  likely  to  recur,  the  S.A.  may  apply 
to  a  Justice,  who  shall  summon  the  person  responsible, 
and  may  make  an  order  requiring  compliance  or  pro- 
hibiting the  recurrence  of  the  nuisance,  and  directing 
the  execution  of  any  works  necessary.     The  Court 

may   further   impose    a  penalty   (sections   92 — 96). 

Where  the  nuisance  is  auda.  aa  \.o  x^iA^\  \Jaa  house 


feiap.  xvm.i    Public  Health  Act,   1875.  48c, 

unfit  for  habitation;  the  Court  may  order  thti  house 
to  be  doaed,  and  may  rescind  this  by  a  furthnr 
order  when  satisfied  that  the  houBe  has  bepn  made 
fit  for  habitation  (a.  97).  Any  person  not  obeying 
the  order  of  the  Court,  or  failing  to  use  due  diligence, 
is  liable  to  penalty  ;  and  the  S.A.  may  carry  out 
the  order  and  charge  him  with  the  expenses  (s.  9S). 
Where  the  [Nsraon  responsible  for  the  nuisance  cannot 
be  found,  the  order  of  the  Court  may  be  executed  by 
the  S.A.  Any  matter  or  thing  removed  by  the  S.A. 
in  abating  any  nuisance  may  be  sold.  Where  a 
nuisance  within  a  district  is  caused  by  some  act  or 
default  beyond  its  limits,  the  S.A.  may,  nevertheless, 
institute  proceedings  (s.  108). 

.S'Aipg. — Any  ship  or  vessel  lying  in  any  water 
within  the  district  of  any  S.A,  is  subject  to  their 
jurisdiction,  as  if  it  were  a  house.*  If  in  any  other 
water,  it  is  deemed  to  be  within  such  district  hk 
may  be  prescribed  by  the  K.O.B.,  and  in  the  absfmce 
of  such  prescription,  then  within  the  nearest  district 
(..  110). 

Siijht    oj    entry    upon    private    pi-emUet. — Tlie 

i.  and  their  officers  have  rights  of  entry  between 
a.m.  and  6  p.m.,  and  in  the  case  of  a  nuisance 
respect  of  any  huaineas,  at  any  hour  when 
such  business  is  in  |>rogre8s.  If  admisaion  be  refused 
a  Jnatice's  order  may  be  obtained  (sections  1 02  and  1 03). 

OJengim  trader.  ~^It  in  illegal  to  establish  an  offen- 
sive trade  within  the  district  of  an  nrl«.n  S.A.  with' 
out  their  consent.  Thfi  offennive  trades  are:  blood 
boiler,  hone-boiler,  fell  monger,  soap-boiler,  tallow- 
metter,  tripe-boiler,  any  other  noxious  or  oSeiuive 
""     '     biudnesB,  or  manofactnre  (s.   112).     An  vrhmi 

naiXUm  oHftlrHlly  bfrntftat  «hipi  uTtAtr  IT10114  artrfi^kmt^^ 
icbte  b>  •luiM'.cH  mil :  bit  Ui«  I-nliUe  ll*i>!Kh  i^^alt 

ndeA  iu  moiw  Uy  incliulfl  i>l«.  tnlMilUnu.  A^HuetoilL'tai 
110,  lit.  1S4,  1%',.  I5f,,  1»,  l»l,IM.imA\'Kl- 


^8.  1 

^Kisii 


49©       Hygiene  and  Public  Health.  [Chap.  xviii. 

S«A,  may  make  byelaws  with  respect  to  such  trades 
as  have  been  established  with  their  consent,*  to 
prevent  or  diminish  nuisance  arising  therefrom 
(s.  113).  If  the  M.O.H.,  or  two  medical 
practitioners,  or  ten  inhabitants,  certify  that  any  of 
the  premises  named  below  are  a  nuisance,  or  injurious 
to  health,  the  S.A,  must  take  proceedings  against  the 
oflfender,  who  is  liable  to  penalty,  unless  he  can  show 
that  he  has  used  the  best  practical  means  for  abating 
such  nuisance,  or  preventing  or  counteracting  such 
effluvia.  The  premises  in  question  are  :  candle-house, 
melting-house,  melting-place,  soap-house,  slaughter- 
house, any  building  or  place  for  boiling  offal  or  blood, 
or  for  boiling,  burning,  or  crushing  bones,  or  any 
manufactory,  building,  or  place  used  for  any  trade, 
business,  process,  or  manufacture,  causing  effluvia 
(s.  114).  The  same  powers  are  applicable  in  the  case 
of  nuisances  affecting  the  inhabitants  of  a  district,  but 
resulting  from  premises  situated  beyond  the  limits  of 
the  district. 

[As  regards  the  prohibition  (s.  112)  of  the 
establishment  of  any  given  trade  without  the  consent 
of  the  S.A.,  it  is  incumbent  upon  the  prosecuting 
authority  to  show  that  the  trade  is  either  one  of 
those  specifically  mentioned  above,  or  ejiiadem 
generis  with  them;  that  is,  that  it  is  necessarily  an 
offensive  trade  apart  from  neglect  or  mismanagement 
The  higher  Courts  have  held  that  this  is  the  case  with  rag 
and  bone  stores  for  example,  but  not  with  brick-making, 
manure  works,  or  fish-frying.  Nevertheless,  a  very 
large  number  of  trade  processes  to  which  the  above 
restriction  may  be  considered  inapplicable  will  come 
within  the  scope  of  s.  114,  if  it  can  be  shown 
that  they  are  carried  on  so  as  to  give  rise  to  effluvium 
nuisances.] 

*  As  this  consent  only  became  necessary  in  1848,  the  byelaws  can  only 
apply  to  trades  established  since  that  dat^. 
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Unsound  food. — The  M.O.H.  or  Inspector  of 
Nuisances  lu^y,  at  all  reasonable  times,  cxatnine  any 
animal,*  carcase,  meat,  poultiy,  game,  tieah,  fish,  fruit, 
vegetables,  corn,  bread,  flour,  or  milk,  exposed  for  Bale, 
or  deposited  for  the  purpose  of  sale,  or  of  preparation 
for  sale,  and  intended  for  the  food  of  man ;  and  may 
seize  the  same  if  diseased,  unsound,  or  unwholesome, 
and  take  it  to  a  magistrate,  who  may  order  it  to  be 
destroyed,  and  inflict  a  penalty  upon  the  offender. 
The  proof  that  it  was  not  intended  for  the  food  of 
man  rests  with  the  person  charged  (sections  116,  117). 
Any  person  obatructtng  is  aabject  to  penalty  (s. 
118).  On  complaint  made  on  oath  a  Justice  may  grant 
a  search  warrant  to  the  M.O.H.  or  Inspector. 

[Eggs,  butter,  cheese,  and  other  important  articles 
of  food,  are  not  mentioned  specifically,  and  are, 
therefore,  not  included  in  the  scope  of  the  Act.  No 
proceedings  can  be  taken  in  regard  to  articles  already 
sold.  Both  these  defects  are  avoided  in  the  Puhlic 
Health  Amendment  Act  of  1890,  and  in  the  Public 
Health  (London)  Act,  1891.] 

In/ecCunis   rfweases.  —  Upon    the    certificate    of 

the    K.O.K.    or    other    medical    practitioner   that 

the  cleansing  and  disinfecting  of  any  house  or  part 

thereof,   and  of  any  articles  therein,   would  tend  to 

prevent   infectious  diseases,    it  is  incumbent  on  the 

S.A.  to  serve  notice  upon  either  the  owner  or  occupier, 

requiring  him  to  cleanse  and  disinfect,     A  penalty  is 

incurred  by  default,  and  the  8.A.  may  do  what  is 

necessary  and  recover  the  costs,   or  may  undertake 

^  this  duty  in  the  first  instance,  with  the  consent  of  thf 

•'occupier,    at   their    own    cost   (s.    120).      The  S.A. 

'(may  destroy  infected  bedding,  clothing,  or  other  arti- 

'■iJpH,    and   give   compensation   (s.    131);    may   provide 

~    a  disinfecting  apparatus  and  disinfect  free  of  charge 


i 
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(s.  122) ;  may  provide  an  ambulance  and  pay  expenses 
of  conveyance  of  infectious  persons  to  hospital 
(s.  123). 

Where  a  hospital  is  provided  within  convenient 
distance,  a  Justice  may,  on  the  certificate  of  a  medical 
practitioner,  order  the  removal  of  any  person  who  is 
suffering  from  any  dangerous  infectious  disorder,  and 
is  without  proper  lodging  or  accommodation,  or 
lodged  in  a  room  occupied  by  more  than  one 
family,*  or  is  on  board  any  ship  or  vessel  (s.  124). 
The  S.A.  may  make  regulations  for  removing  to 
any  available  hospital,  and  for  keeping  there  as 
long  as  necessary,  any  persons  brought  within  their 
district  bv  vessel  who  are  infected  with  a  dangerous 
infectious  disorder  (s.  125). 

It  is  unlawful  for  any  person  so  suffering  to 
expose  himself  wilfully,  without  proper  precautions 
against  spreading  the  disorder,  in  any  street,  public 
place,  shop,  inn,  or  public  conveyance,  or  to  enter 
any  public  conveyance  without  previously  notifying 
to  the  owner,  conductor,  or  driver  thereof  that  he  is 
so  suffering ;  or,  being  in  charge  of  any  person  so 
suffering,  to  expose  such  sufferer,  or  to  give,  lend, 
sell,  transmit,  or  expose  without  previous  disinfec- 
tion any  bedding,  clothing,  rags,  or  other  things  which 
have  been  exposed  to  infection  from  any  such  dis- 
order; but  this  does  not  apply  to  the  transmission 
with  proper  precautions  of  articles  for  the  purpose 
of  having  them  disinfected  (s.  126).  The  owner 
or  driver  of  a  public  conveyance  so  used  is  required 
under  penalty  to  have  the  same  immediately  disin- 
fected, but  he  need  not  convey  any  person  so  suffering 
until  he  has  been  paid  a  sum  sufficient  to  cover  any  loss 
or  expense  incurred  by  him  (s.  127).  Any  person 
who  knowingly  lets  for  hire  any  house,  or  room,  in 

•  This  detail  is  omitted  as  supeT^wovvs  \vv  \Xvft\.tm^Qw  KjA,<i^l891 ;  but 
lodgment  in  a  tent  or  van  \s  made  per  se  x^  Tew,?>ow  \oiv  t^>kv«\^. 
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Whidi  any  pei-sun  liaa  salTeied  from  such  disorder, 
■*itlioiit  having  it  and  the  contents  diainfected  to  the 
aatiafaction  of  a  medical  piactitioner  as  testified  by 
a  certificate  signed  by  biro,  is  liable  to  penalty 
(b,  128).  Any  person  letting  or  offering  for  Lire 
any  house,  or  part  of  a  house,  who  on  being  questioned 
AS  to  the  fact  of  there  being,  or  witbin  six  weeks 
pi-eviously  having  been  therein,  any  person  suffering 
ftom  any  dangerous  infectious  disorder,  knowingly 
makeH  a  false  answer  to  such  question,  becomes  liable 
(o  penalty  or  imprisonment  (s.  139). 

Special  Regulations  of  L.G.B. — The  L-G-.B.  may 
'tnake  regulations  for  the  treatment  of  persona  affected 
with  cholera,  or  any  other  epidemic,  endemic,  or  in- 
fectious diseases,  and  for  preventing  the  spread  of  such 
'diseases  as  well  on  the  seas,  rivers,  and  watera  of  the 
United  Kingdom,  and  on  the  high  seaa  within  three  - 
miles  of  the  coast  thereof,  as  on  land,  and  may  deuiare 
Iqr  what  Sanitary  Authorities  such  regulations  shall 
be  enforced  and  executed  {s,  !30).  Cholera  Regula- 
"  jns  have  been  issued  under  this  section  {p.  463). 

Furthermore,  whenever  any  part  of  England  ap- 
pears to  be  threatened  with,  or  is  affected  by,  any 
formidable  epidemic,  endemic,  or  infectious  disease, 
Uie  Ii.Q.B.  may  make,  and  from  time  to  time  alter 
or  revoke,  regulations  for  any  of  the  following 
purposes,  viz.  for  the  speedy  interment  of  the  dead,  for 
houae-to-house  visitation,  for  the  provision  of  medical 

»aid  and  accommodation,  for  the  promotion  of  cleans- 
ing, ventilation,  and  disinfection,  and  for  guarding 
jigainst  the  spread  of  disease ;  and  may  by  order 
declare  all  or  any  of  the  regulations  so  made  to  be 
in  force  within  the  whole  or  any  part  oE  the  district 
of  any  S.A.,  and  to  apply  to  any  vessels  whether 
on,  inland  waters  or  011  parts  of  the  sea  within, 
the  jurisdiction  of  the  Lord  Higb.  A-itavni  dt  'Ow*-, 
^Vmted  Kingdom  (s.   134).      Thp  B.i.'a  me  vvto^w'-'' 
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to  do  everything  that  is  necessary  to  carry  out  these 
regulations. 

Hospitals. — Any  S.A.  may  build  or  contract  for 
the  use  of  hospitals  for  their  district.  Two  or  more 
S.A.'8  may  combine  for  this  purpose  (s.  131).  The 
S.A.  may  recover  from  a  patient,  who  is  not  a 
pauper,  the  cost  of  his  maintenance  (s.  132).  The 
S.A.  may  with  the  sanction  of  the  Ii.G.B.  them- 
selves provide  or  contract  for  a  temporary  supply  of 
medicine  and  medical  assistance  for  the  poor  of  their 
district  (s.  133).     {Sea  also  Isolation  Hospitals  Acts.) 

Mortiuiries, — Every  S.A.  may,  and,  if  required  by 
the  Ii.G.B.,  mttst,  provide  a  mortuary,  and  may  make 
byelaws  with  respect  to  its  management  and  charges 
for  its  use.  They  may  also  provide  for  the  decent 
and  economical  interment,  at  charges  to  be  fixed 
by  such  byelaws,  of  any  dead  body  which  may 
be  received  into  a  mortuary  (s.  141).  A  Justice 
may,  on  a  certificate  signed  by  a  practitioner,  order 
to  be  removed  to  a  mortuary,  at  the  cost  of  the 
S.A.,  (1)  the  body  of  anyone  who  has  died  of 
any  infectious  disease,  and  which  is  retained  in 
a  room  in  which  persons  live  or  sleep,  or  (2)  any 
dead  body  which  is  in  such  a  state  as  to  endanger  the 
health  of  the  inmates  of  the  house  or  room  in  which  it 
is  retained.  He  may  direct  the  same  to  be  buried 
within  a  specified  time.  If  the  friends  fail  to  comply, 
it  is  the  duty  of  the  Relieving  Officer  to  bury,  and  the 
expenses  may  be  recovered  from  the  proper  person 
(s.  142).  The  S.A.  may  provide  a  place  for  the  post- 
mortem examination  ordered  by  a  coroner. 

^ew  streets  and  buildings. — In  urban  districts  all 
public  streets  (i.e.  those  reparable  by  the  inhabitants 
at  large)  are  vested  in  the  S.A.,  who  sJiall  cause  them 
to  he  levelled,  paved,  and  repaired,  as  occasion  may 
require  (s.  149).  T\\e  o^xvet^  o^  property  abut- 
ting on   any  private  stxe^t  ox  y«vx\.  oS.  ^  ^\x^^\  \c\w 
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be  required  by  the  (urban)  S.A,  to  level,  jiave,  Bewer, 
light,  or  make  good  such  street  or  jiurt  of  a  street ;  and 
in  case  of  default  the  S.A.  may  carry  out  the  work 
and  recover  the  expenses  fi'ora  the  owners  accord- 
ing to  the  frontage  of  their  respective  [>remisc8 
(b.  150).  An  urban  S.A.  niay  make  byelawB  with 
regard  to  new  streets  and  buildings.  For  the  pDrpot*» 
of  the  Act  the  re-erection  of  any  building  pulled 
down  to  or  below  the  gronnd  floor,  or  the  coiivetsioii 
into  a  dwelling-house  of  any  building  not  originally 
constructed  for  human  habitation,  or  the  conversion 
into  more  than  one  dwelling-houae  of  a  building 
originally  constructed  as  one  dwelling-house  only, 
shall  be  considered  the  erection  of  a  new  bnilding 
(s.  1.59). 

Dangerout  structure*.'' — The  surveyor  of  an  nriian 
8.A.,  if  satistied  that  any  building  or  wall  Ia  in  a 
ruinous  state  ao  as  to  be  dangerous  to  pSMcngen  or 
to  the  inmates  of  neighbouring  bouses,  shall  cause 
a  fence  to  be  put  up,  and  shall  order  the  owner  fortli- 
with  to  secure  or  pull  down  aoch  building ;  and  in 
default  tbereol  tbe  surveyor  may  obtain  a  Jnatitt'* 
order  Co  any  oat  the  neceMuy  worki,  and  nay 
recover  the  expenaea.  (Towns  Improrement  Clmts 
Act^  sectioD*  75-78,  incorporated  with  Hm  Pablic 
Health  Act  by  a.  160  of  the  latter.) 

Sain-pipft  /indeaoe»-fftilter». — An  ofhaa  S^.  nay 
compel  the  owner  of  any  boilding  adjoining  or  near 
to  a  street  to  provide  whhin  seven  dayselKcient  «av«» 
guttera  and  rain-jiipta,  (Towiu  Improveatent  Chuia«« 
Act,  a  74  ;  Public  Health  Act,  •.  160.) 

Slatufhtsr-^eni*tM. — An  nrfcan  CA.  m»f  ftvriie 
abatloba  or  dsa^hliii  Iwhw.  and  if  they  do  so  |h  " 
make   bydaar*  milk    naftet    to   ■aamagcncvt 
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charges  (a.   169).     Tliej  may  also   license  slaughter 
houses    and    knackers'    jawls,     and    without    thai 
licence   no   place    tthall    be   used   for   such   purpose 
which  was  nob  so  used  at  the  time  of  the  passing  of  the 
Act,  i.e.  in  1875.     Every  place  used  as  a  alaughtera 
house  or  knackers'  yard  shall  be  registered  by  th(|J 
owner    or    occupier   in   a.   book    kept    by  the    B./ 
An  nrban  S.A.  mvM.    make   byelaws    in  regard 
slaughter-houses  and  knackera'  yards.     If  any  persm 
is   convicted   of   killing   or    dressing   any   cattle   con 
trary  to  the  proviaioiis  of  the  Public  Health  Act,  or  of 
the  non-observance  of  any  of  the  byelaws  or  regulations 
made  under  this  Act,  the  Justices  before  whom  he  is 
convicted  may  suspend  the  licence  for  two  months  < 
less,  and  in  the  event  of  a  second  ofi'ence  ma,y  revok» 
the  licence.     (Sections  125  to  130  Towns  Improv^ 
ment  Clauses  Act,  incorporated  in  the  Public  Health 
Act  by  vii'tueof  6.  169.) 

A  legible  notice    bearing    the    words    Licensed 
Slaughter-House  or  Registered  Slaughter-House  must 
be  attached  and  maintained  in  some  conspicuous  place 
on  every  registered  slaughter-house  by  the  ( 
occupier  (a.  170), 

Comhination  ofaardUiry  author  itiex  for  appoinlm 
of  Medical  OJteer  ofHealt/t.—Tiie  Ii.G.B.  may  (co 
pulsorily  or  otherwise)  unite  two  or  more  district 
situated  wholly  or  partially  in  the  same  county,  for 
the  purpose  of  appointing  a  Medical  Officer  of  Health; 
but  no  urban  district  with  more  than  25,000  in- 
habitants shall  be  included  without  the  consent  of  the 
S.A.,  and  in  the  event  of  any  S>A.  objecting  to  being 
included,  the  L.G.B.  can  only  include  their  district 
by  means  of  Provisional  Oi-der  subject  to  confirmatioi 


ov^^H 
altljH 

ised 
ner  or^H 
{com^^l 


I    by  means  of  Provisional  Oi-der  subject  to  confirmation^^ 
by  Parliament  (s.  2S6).  ^H 

A  S.Ai  niay  delegate  all  or  any  of  its  powers  to  ^^M 
committee  of  its  own  laenvberE, (sections  200  and  ^OI^^H 


Public  Health  Act,  1875.  497 

consisting  wlioUy  or  partially  of  its  own  members,  and 
may  give  to  such  comiuitteea  ceitain  limited  sanitary 
functions  (s.  202).  (Ses  under  Loc  Govt.  Act,  p.  510.) 

Urban  poicers  for  rural  dietricta. — The  L.O.B. 
may  give  to  a  rural  S.A.,  as  i-egarda  the  whole  or  part 
of  their  area,  any  powers  and  responsibilities  conferred 
by  tliia  Act  upon  urban  S.A.'i  (s.  ^76). 
V.  Special  drairutge.  districts. — A  rnral  S.A.  may, 
M|di}i  the  consent  of  the  Ii.O.'B.,  constitute  itny  poi-tion 
^  their  area  a  special  drainage  dinlrict  for  the  purpose 
of  charging  thereon  exclusively  the  expenses  of  works 
of  sewerage,  water  anpply,  or  other  works  which  may 
be  declared  by  the  L.Q.B.  to  be  special  expenses,  and 
thereupon  such  area  shall  become  a  separate  contribn- 
tor-y  plaoe  (s.  277).  The  S.A.  have  also  power  to 
(ledare  expenses  which  they  have  incurred  to  be 
prii>ate  iTiiprffvemerU  expe^ises,  and  to  charge  a  special 
private  improvemettt  rate  in  respect  thereof  upon  the 
'  ite  benefited  (sections  213  and  232), 

Union    of  districts  for  sanitary  purposes. — Joint 

i-ds  may  be  formed,  by  order  of  the  L.O.B.,  for 
the  purpose  of  water-supply  or  sewerage,  or  for  other 
purpoBes  of  tlie  Public  Health  Act,  as  applied  to  a 
district  comprising  the  whole  or  parta  of  two  or  more 
sanitary  districts  (s.  279).  Under  this  sectiou  joint 
Hospital  Boards  may  be  formed. 

Defatilt  of  S.A. — If  satisfied,  after  due  inquiry, 
Ihttt  any  S.A.  have  made  default  in  providing  or  inain- 
tainiug  sewers,  or  in  providing  and  maintaining  a 
supply  of  pure  water,*  or  in  enforcing  any  provisions 
of  the  Public  Health  Act  which  it  is  their  duty  to 
enforce,  the  L.G.B.  shall  make  an  order  limiting  a 
tiuie  for  the  performance  of  their  duty  in  the  matter. 
If  such  duty  is  not  performed  in  the  time  allowed, 


m  be  goi  »t  fl  »»toii«tile  PO»t," 
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the  ot'der  may  either  be  enforced  by  writ  of  ini 
or  the  L.Q.B.  ma;  appoint  some  person  to  perforfl 
the  work,  and  charge  all  expenses  to  the  authority  id 
default  (a.  299).  ^ 

[The  7th  section  of  the  Housing  of  the  Workia 
Classes  Act,  1885,  has  a  wider  scopa] 

Port  Sanitary  Autliority, — The  Ii.Q.B.  may,  by" 
order,  ooDstitute  any  S.A.  whose  district  abuts  upon 
any  port  in  England  the  S.A.  for  the  whole  or  for  any 
part  of  such  port.  The  Board  may  also  combine  two 
or  more  ripaiian  authorities  for  the  purpose ;  or  may 
constitute  one  Port  B.A.  for  any  two.  or  more  ports. 
The  Authority  may  be  constituted  permanently  or 
tempoi-arily.  The  order  constituting  the  Authority 
may  assign  to  it  any  of  the  powers  or  duties  of  an 
urban  S.A.  so  far  as  applicable  to  a  Port  S.A.,  and 
to  vessels,  waters,  or  persons  within  its  jurisdiction — 
namely,  under  sections  91  to  111  (nuiaaiiGes),  120  to 
133  (infectious  diseases  and  hospitals),  VAl  to  138 
(prevention  of  epidemic  diseases),  141  and  142  (mortu- 
aries), 182  to  186  and  188  (byelaws),  189  (appoint- 
ment of  It.O.E.  and  inspector  of  nuisances),  and 
other  sections.* 

The  Public  Heallli  (TVater)  Act,  18TB,  applies 
to  every  rural  S.A.,  and  also  to  such  urban  S.A.'a 
as  the  L.Q.B.  may  order  (sections  3  and  11).  Everj" 
rural  S.A.  shall  see  that  every  occupied  dwellin_ 
house  within  their  district  has,  within  reasonabl 
distance,  an  available  and  sufficient  supply  of  wbol^ 
some  water.  If  the  M.O.H.  reports  that  an  occupioiT 
house  is  without  such  supply,  and  the  S.A.  are  < ' 
opinion   that   such  a   supply   can  be  provided  at  1 

....,,.,  ira  and  dnties  at »  Port  8.A.  aud  iW  ofOe.-™  consist  iirimftrii j 

jBB  cDnrSired  bysuch><r  t)is  speulBi>d  putijapsor  the  PnbUc  Beilib 

lltB  mrtiuuUr  Ordet  lUiy  dncidB.     They  are  eiUDded  bv  llie 

_Bt«iilRtfonBfp»BB*8ff),Mva«ieOrdCT  praaurlblnB;  the  duttos  of 

[    tia  Pert  M.O.H.     A  ihlp  comtWrtMnVliBiBtaiVttMiol -houH"  1^^ 

.V  piirpnsca  (paRi-  *8B>.  "^M 
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reasonable  cost  (the  iut*i-est  on  which,  at  B  per  cent, 
shall  not  exceed  twopence  or  threepence  per  week,  b»' 
the   £.G.B.    may,    on   the    a])|>Iication  of  the    S~&.>     i 
determine   to   be  reasonable   in  the   circumstaiicea), 
the  S.A.  may  require  the  owner  fsiibject  to  appeal  to 
the  L.G.B.)  to  provide  such  supply  within  a  specified 
time,  and,  iii  case  of  default,  may  themselves  cariy     . 
out  the  necessaiy  works  at  his  expense.     It  remains,    J 
however,  the  duty  of  the  S.A.  to  provide  any  part  of  ■■■ 
their  district  with  a  supply  of  water,  in  cases  where    I 
danger  ariaes  to  the  health  of  the  inhabitants  from'  I 
the  inaufliciency  or  unwholesomeness  of  the  exlstmjf    I 
supply,  and  a  general  scheme  of  supply  Ih  required,'  I 
and  can  be  got  at  reasonable  cost  (s.  3).  , 

The  owner  of  any  dwelling-houae  in  a  rural  district 
that  may  be  erected  or  rebuilt  from  the  ground-floor 
after  the  date  of  this  Act  shall  not  permit  such  house 
to  be  occupied  without  &  certificate  from  the  S.A- 
that  it  is  provided  with  a  sufficient  and  available 
supply  of  wholesome  water,  such  certificate  to  be 
based  on  the  report  of  the  X.O.H.  or  inspector 
(b.  C).  If  the  S.A.  provide  a  stand-pipe  for  water- 
supply,  they  may  levy  water  charges  upon  every  dwell- 
ing within  200  feel^  as  if  the  supply  were  given  on 
the  premises ;  not,  however,  upon  such  houses  as  have 
agood  supply  within  reaBonabledistance,from  another 
source,  unless  water  from  the  stand-pipe  is  used  by 
the  inmates  (s.  9). 

Every  rural  S.A.  must,  through  their  officers  or 
otherwise,  provide  for  the  periodical  inspection  of  the 
water-supply  of  their  district.  The  same  powers  of 
entry  upon  premises  are  given  aa  are  conferred  by 
sections  103  and  103  of  the  Public  Health  Act,  1875, 
in  respect  of  nuisances  (a,  7). 

The  Public  Uealtli  Act,  1S06,  repeals  the 
old  Quarantine  Act  of  1825,  and  extetii*  ^V*  ■^-ksw. 
of  theL.O.B,  to  make  Orders  vvnAev  wttWatia  V?>*i  ^^^^ 
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134  of  the  1875  Act,  dealing  with  epidemic,  endemic, 
or  infectious  diseases.  Accordingly,  regulations  as  to 
cholera,  yellow  fever,  and  plague  were  issued  in  an 
Order  dated  November  9th,  1896. 

The  Public  Health  (Ports)  Act,  1896, 
enables  the  Ii.G.B.  to  issue  orders  making  all  or 
any  of  the  provisions  of  the  Infectious  Diseases 
Prevention  Act,  1890,  applicable  to  any  Port 
Sanitary  Authority. 

The  Public  Health  Acts  Amendment  Act, 
1890,  is  an  "  adoptive  "  Act,  of  which  Part  III.  is  con- 
cerned with  sanitary  matters.  Urban  S.A.'s  may  by 
resolution  adopt  any  part  of  the  Act ;  rural  Authorities 
can  adopt  those  powers  which  are  not  exprejisly 
limited  to  urban  districts,  and  as  regards  the  rest,  can 
apply  to  the  Ii.G.B.  for  full  urban  powers  in  the  same 
manner  as  under  the  1875  Act. 

The  following  are  the  chief  provision^  of  Part  III. 

Sewers, — It  is  unlawful  to  pass  into  any  drain  or 
sewer  (a)  any  substance  which  may  injure  it  or  impede 
the  flow  of  its  contents ;  or  (b)  any  chemical  refuse,  or 
waste  steam,  or  water  or  other  liquid  heated  above 
110°  F.,  which  either  alone  or  in  combination  with 
sewage  causes  a  nuisance  or  is  dangerous  to  health. 

Closets,  etc. — Where  any  sanitary  convenience  is 
used  in  common  by  the  occupants  of  two  or  more 
houses,  any  person  fouling  or  injuring  it  is  liable  to 
penalty  ;  and  if  nuisance  arises  from  want  of  cleanli- 
ness of  any  part  of  it  or  of  the  approaches,  each  of  the 
persons  having  the  right  of  use  is  liable  to  penalty,  in 
the  absence  of  proof  as  to  which  of  them  is  in  default. 
Sufficient  and  suitable  sanitary  conveniences  must 
be  provided  in  all  factories  and  workshops ;  with 
separate  accommodation  for  each  sex,  where  persons  of 
both  sexes  are  employed  (s.  22). 

ByelawB. — Urban  S.iL.'s  may  make  byelaws  x^- 
specting   public   sanitary    cowv^metv^i^.^  ^xq>n\^^^   'a^ 
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■pbem.  Section  157  of  tho  1BT5  Act  is  extonded  so  as 
^^o  enable  any  urban  S.A.  to  make  further  byelawK 
B*  lOonceming  new  buildings,  upon  the  following  points  ; 
(«)  adequate  water  supply  to  closets  ;  (i)  construction 
of  f  oors,  hearths  and  staircases ;  (c)  height  of  rooniB 
intended  for  habitation ;  (d)  jiaving  of  yards  and  open 
spaces  in  connection  with  houses ;  (e)  provision  of 
secondary  approaches  to  houses,  for  the  purpose  of  re- 
moving refuse.  It  is  further  provided  that  byelawa 
respecting  closets  and  drainage  may  be  made  appli- 
cable to  old  as  well  as  new  houses.  Simitar  power 
of  framing  byelaws  respecting  buildings  (under  a 
157  OS  amended)  is  given  to  rural  B.A.'s,  but  with 
certain  exceptions.  [Apart  from  this  the  £.Q.B, 
V^^an,  as  already  stated,  grant  full  urlian  powers  to 
lural  Authorities.]  Any  8.A.  may  make  byelaws  to 
"revent  buildings  erected  in  accordance  with  bvelaws 
n  beiog  altered  in  such  a  way  that  if  at  tirst  so 
uatmcted  they  would  have  contravened  the  byelaws. 
An  urban  S.A.  may  make  byelaws  respecting  the 
rriage  through  the  streets  of  offensive  matter  or 
liquid,  prescriliing  (a)  certain  hours  for  such  removal, 
(6)  proper  construction  and  covering  of  the  receptacle 
used  for  the  removal,  and  (c)  the  cleansing  of  any 
place  fouled  by  matters  dropped  or  spilled. 

Any  B.A.,  themselves  undertaking  or  contracting 
for  the  removal  of  honse-refuse,  may  make  byelaws 
imposing  upon  the  nocnpier  duties  in  connection  with 
^uch  removal. 

Polluted  sitee, — No  new  building  may  be  erected 

_^n  ground  impregnated  with  animal  or  vegetable 

Utter,  or  upon  which  such  matter  has  been  deposited, 

»  soch  matter  has  been  properly  removed  or  has 

e  innocuous.     If  (in  an  urban  district)  any  por- 

f  a  room  is  immediately  over  any  i>rivy  (not 

g  a  water-closet  or  earlli-closeV),  cww^osA,  ■«i^>^*^-- 

fa^-pit,  it  is  illegal  to  occupy  iv,  ««  wiSec'*.\»^«^  1 
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occupied,  as   a   dwelling-place,   sleeping-place,    work- 
room, or  place  of  business. 

Cleansiiig  of  common  passages, — If  in  an  urban 
district  any  private  court  or  passage,  leading  to  the 
back  of  several  buildings  separately  occupied,  is  not 
regularly  and  effectually  swept  and  kept  clean,  the 
S.A.  may  cause  it  to  be  swept  and  cleaned,  and  re- 
cover the  expenses  from  the  occupiers. 

Pollution  of  streams  hy  solid  refuse. — It  is  for- 
bidden "  to  throw  or  place  ....  in  any  ....  water- 
course within  any  district  in  which  this  part  of  this 
Act  is  adopted,  any  cinders,  ashes,  bricks,  stone,  rub- 
bish,  dust,  filth,  or  other  matter  which  is  likely  to 
cause  annoyance." 

Food. — Sections  116 — 119  of  the  1875  Act  are  ex- 
tended so  as  to  apply  to  "all  articles  intended  for  the 
food  of  man,  sold  or  exposed  for  sale,  or  deposited  in 
any  place  for  the  purpose  of  sale,  or  of  preparation  for 
sale."  A  Justice  may  condemn  any  such  article  and 
order  it  to  be  destroyed,  if  satisfied  that  it  is  diseased, 
unsound,  unwholesome,  or  unfit  for  the  food  of  man, 
even  if  it  has  not  been  formally  seized  under  s.  116. 

Slaughter  -  hollies. — Licences  gi-anted  after  the 
adoption  of  this  Act  are  to  remain  in  force  only  for 
such  period,  not  being  less  than  a  year,  as  the  S.A. 
shall  specify  in  the  licence.  Every  change  of  occupa- 
tion of  a  licensed  slaughter-house  must  (under  penalty) 
be  notified  in  writing  to  the  inspector  of  nuisances ; 
and  notice  of  this  requirement  must  be  endorsed  on 
all  new  licences.  If  the  occupier  of  any  licensed 
slaughter-house  is  convicted  under  sections  1 16 — 119  of 
the  1875  Act,  the  Court  may  revoke  the  licence. 

CoiiiTiion  lodging-houses.  —  A  penalty  is  imposed 
upon  the  keeper  if  he  fails  to  give  notice  of  any  case 
of  infectious  disease,  as  required  by  s.  84  of  the  1875 
Act  (page  486). 

The  Act  does  not  appVy  ^o  Ijow^ow. 
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The  Infectious  Diseases  PreTention  Aeti 
I890a  is  another  adoptive  or  optional  Act;  and  any 
oxti's-metropolitan  S.A.  may  Ijy  resolution  adopt  all 
or  any  of  its  aecliona,  and  may  by  further  reBolutioii 
rescind  them.  For  London  its  leading  provisions  are 
contained  in  the  Public  Healtli  (London)  Act  Tho 
infectious  diseases  to  which  this  Act  applies  are  those 
specified  in  {or  added  to)  the  Infectious  Diseases  Koti- 
fication  Act.    The  principal  provisions  are  as  follows  : — 

Milk  supplies. — If  the  H.O.H,  has  reason  to  be- 
lieve that  the  consumption  of  milk  from  any  dairy* 
(within  or  without  his  diatnct)  has  caused  or  is  likely 
to  cause  infectious  disease  to  any  person  residing  in 
the  district,  he  may  (if  authorised  Ijy  a  Justice  having 
jurisdiction  in  the  place  where  the  dairy  is  situate) 
inspect  the  dairy.  He  may  furtlier,  if  accompanied 
by  a  veterinaiy  surgeon,  inspect  the  animals  therein. 
J£  after  inspection  he  is  of  opinion  that  infectious  din- 

I  is  caused  by  consumption  of  the  milk,  he  must 

art  to  the  8>A.,  forwarding  also  any  rejrart  fur- 
ished  to  him  by  the  veterinary  surgeon.  The  B.A. 
may  tiien  give  not  less  than  24:  hours'  notice  to  the 
dairyman  to  appear  before  them,  and  show  cause  why 
the  supply  of  the  niiJk  in  their  district  should  not  be 
prohibited.  If  in  their  opinion  he  fails  to  show  such 
cause,  they  may  order  accordingly,  and  must  give 
notice  of  the  facts  to  the  S.A.  and  the  County  Council 
of  tiie  distiict  in  which  the  dairy  is  situate,  and  to  the 
iJa.O.B.     The  order  must  be  forthwith  withdrawn  on 

S.A.  or  the  K.O.H.  being  satisfied  th»t  the  milk 
Ipply  has  been  changed,  or  that  the  cause  of  infection 
been  removed.  Penalties  nre  provided  for  con- 
ivention  of  this  section  of  the  Act. 

Diainfictioti. — Where  the  H.O.H.  or  any  regis- 
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tered  medical  practitioner  certities  that  the  cleansing 
and  disinfection  of  any  house,  or  part  thereof,  and  of 
any  articles  therein,  would  tend  to  prevent  infection, 
the  B.A.  may,  after  24  hours'  notice  to  the  owner  ot 
occupier,  proceed  to  carry  out  such  disinfection  a^ 
cleansing,  unless  within  that  time  he  informs  thai 
S.A.  that  he  will,  within  a  period  fixed  in  the  notice, 
himself  carry  out  tlie  work  to  the  satisfaction  of  the 
H.O.H.  If  he  fail  ^a  do  this  within  the  specified 
period,  it  la  to  be  done  by  the  officera  of  the  8.A., 
under  the  supei'intendence  of  the  M.O.H.,  and  the 
expenses  may  be  recovered.  Power  of  entry  between 
10  a.m.  and  6  p.m.  is  given  for  the  pnrpoaes  of  this 
section.  Where  the  section  is  adopted,  the  I'iOth 
section  of  the  Public  Health  Act,  1875,  is  repeated. 

The  S>A.  may,  by  written  notice,  require  (under 
penalty)  any  infected  clothing  or  other  articles  to  be 
delivered  to  their  officer  for  disinfection.     Tlie  S.A. 
must  take  away,  disinfect,  and  return  anch 
free  of  charge,  and,  in  the  event  of  any 
damage,  must  compensate  the  owner. 

Any  pei-son  who  shall  cease  to  occupy  any  house 
or  room  in  which  any  jierson  has,  within  six  weeks, 
been  suffering  from  any  infectious  disease  {a)  must 
have  such  house  or  room  (and  all  articles  therein 
liable  to  retain  infection)  disinfected  to  the  satiafac- 
tion  of  a  registered  medical  practitioner,  as  teistitied 
by  a  certificate  signed  by  him  ;  (6)  must  give  to 
the  owner  notice  of  the  previons  existence  of 
disease ;  and  (c)  must  not  knowingly  make  % 
answer  when  questioned  by  the  owner,  or  by 
person  negotiating  for  the  hire  of  the  house 
as  to  there  having,  within  sis  weeks  previously,  beS^ 
therein  any  person  suffering  from  any  infectious 
disease.  Penalties  are  provided  in  each  case.  The 
S~A.  must  give  ntrtice  oi  tl\e  \>rovisiona  of  this 
section  to  the  occu\i\et  °c>    "-^^"j  ^^^^  ""    "^ '  ' 
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B  there  is  a  person  suffering  from  an  infet- 
;fens  disease. 

Prompt  irUerment. — The  body  of  a  person  wlio  has 
[aied  of  any  infectious  disease  must  not,  without  a 
[certificate  from  the  M.O.S,  or  a  registered  medical 
"hictitioner,  be  retained  for  more  than  iS  hours  else- 

■here  than  in  a  mortuary,  or  in  a  room  not  used  at  the 
thne  as  a  dwelKng-place,  sleeping-place,  or  workroom. 
Ill  such  cases,  and  also  where  any  corpse  ia  retained  in 
a  building  so  as  to  endanger  the  health  of  the  inmates, 
a.  Justice  may,  upon  the  application  of  the  K.O.E,, 
order  the  body  to  be  removed  by  the  S,A,  to  a  mortuary, 
and  to  be  buried  within  a  specified  lime.  Unless  the 
friends  undertake  to  bury,  and  do  bury  within  the 
specified  time,  the  relieving-officer  roust  do  bo.  The 
body  of  any  person  who  has  died  from  infectious  disease 
in  a  hospital  must  not  be  removed  except  for  imme- 
diate ititermeut  or  to  a  mortuary,  if  the  K.O.H.  or 
a  registered  practitioner  certify  that  such  restriction 
is  desirable  for  preventing  infection.  The  body  of  any 
person  who  haa  died  from  an  infectious  disease  musi 
not  be  conveyed  in  any  public  conveyance  (other  than 
a  hearse)  without  due  warning  to  the  owner  or  driver, 
who  must  forthwith  provide  for  disinfection. 

Detention  in  koepital, — Any  person  suffering  from 
any  infectious  disease,  and  being  an  inmate  of  a 
hospital  for  infectious  diseases,  and  who  upon  leaving 
would  be  without  accommodation  in  which  due  pre- 
cautions could  be  taken  against  the  spread  of  infection, 
may,  by  order  of  a  Justice,  be  detained  in  hospital  (at 
the  cost  of  the  S.A.)  for  any  specified  period,  and  such 
period  may  be  extended  as  often  as  necessary. 

The  S.A.  shall  provide  free  temporary  shelter, 
with  any  necessary  attendance,  for  the  members  of 
any  family  in  which  infectious  disease  has  apijeared, 

'10  have  to  leave  their  dwellinga  to  aWo-^  -A   &&- 

Section  hy  tlm  B.A.. 
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Infecticms  rubbish  must  not  be  thrown  into  any 
receptacle  for  refuse  without  previous  disinfection. 
Notice  of  this  prohibition  must  be  served  by  the  S,A. 
upon  the  master  of  any  house  in  which  there  is  any 
case  of  dangerous  infectious  disease. 

The  Isolation  Hospitals  Act,  1893,  gives  to 
County  Councils  limited  power  to  secure  the  provision  of 
isolation  hospitals  in  their  various  counties.  It  applies 
to  England  and  Wales  generally,  but  not  to  London  or 
to  any  county  borough;  other  boroughs  also  are 
exempt,  except  by  Order  of  the  L.G.B.,  if  the  popu- 
lation be  less  than  10,000  (according  to  the  latest 
census),  or  by  consent  of  the  corporation  if  the  popu- 
lation be  10,000  or  more. 

A  Hospital  District  may  consist  of  one  or  more 
local  areas;  a  ^^ local  area"  includes  an  urban  or 
rural  sanitary  district,  or  any  "contributory  place," 
and  is  constituted  by  Order  of  the  County  Council. 

Procedure. — The  County  Council  may  take  the 
initiative  by  directing  their  M.O.H.  to  report  as  to 
the  hospital  requirement  of  any  part  of  their  county, 
and  acting  upon  his  report ;  but  they  may  also  be 
set  in  motion  by  a  petition  from  any  local  authority 
or  from  twenty-five  ratepayers  in  any  contributory 
])lace.  The  next  step  is  for  the  County  Council  to 
hold  a  local  inquiry,  after  which  they  make  an 
Order  constituting  the  hospital  district  and  defin- 
ing its  extent.  No  local  area  can  be  included  in  a 
hospital  district  without  the  consent  of  its  local 
authority,  if  it  already  has  (in  the  judgment  of  the 
County  Council)  adequate  accommodation ;  nor  must  a 
hospital  district  be  formed  for  one  local  area  only,  or 
for  one  or  more  local  areas  within  the  same  rural 
sanitary  district,  without  the  consent  of  the  S,A., 
unless  the  County  Council  are  satisfied  that  the  S.A. 
are  unable  or  unwiUing  to  mate  suitable  provision 
for  the   purpose.     TVie  Otdei^  eo\i%\i\\.\iX.^^  ^  Wsi^ital 
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imittee,  conmsting  of  local  representatives,  but  if  a 
t  be  made  out  of  county  funds  the  committee 
lay  consist  wholly  or  in  jiart  of  county  councillors. 
Order  further  gives  the  committee  power  to 
ide  and  maantaiii  a  hospital ;  and  apart  from  this 
are  authorised  by  the  Act  to  make  tem[)orary 
Lgements  for  isolation,  and  to  establish  district 
ipitals  in  cottages  or  small  biuldinga.  They  may 
10  (subject  to  any  i-egulations  made  by  the  County 
luncil)  undertake  the  training  of  nurses,  and  may 
large  for  their  attendance  outside  the  hospital. 
Ivery  hospital  is  to  be  provided  with  one  or  more 
ibulances,  aitd  must,  if  practicable,  be  "  in  connec- 
with  the  system  of  telegraphs." 
The  County  Council  have  the  power  of  inspecting 
ly  Buch  hospital,  and  of  raising  money  by  loan  for 
16  purposes  of  the  hospital. 

Expenaeg. — "  Structural "  (e.g.  site,  buildiiig,  Eur- 
aehing,  extensions,  etc.)  and  "Establishment"  {e.g. 
laintenance  of  hospital,  salaries,  etc.)  expenses  are 
ome  by  the  several  local  rates  of  the  constituent 
local  areas,  in  pTOportions  to  be  fixed  by  the  Order. 
The  costs  of  conveying,  removing,  feeding,  medicines, 
disinfecting,  and  "all  other  tilings  required  for  patients 
individually,  exclusive  of  structural  and  establishment 
expeoBes,"  are  termed  patienta'  eiepenees.  For  ordinary 
non-pauper  ]>atient9  they  are  to  be  paid  by  the  local 
aathori^  out  of  the  rates  of  the  local  area  from 
■which  the  patient  came,  hut  the  Guardians  arc 
iponsible  if  Poor  Law  relief  had  been  given  at  or 
' " '  a  fortnight  of  the  time  of  admission.  Patienis 
exceptional  accommodation  are  themselves 
responsible  for  the  cost  of  maintenance,  etc.,  on  such 
terms  ("special  patients'  expenses")  as  the  committee 
may  appoint. 

The  Isolation  Hospital  ^ct,  VMi\,  i^-cqn\&«% 
8.A.  haying  possession  oi  a,  Xios^-^WiaX  "vo^  '^■*' 
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reception  of  tiie  sick  may,  with  the  sanction  o£  the 
Xi.€I.B.t  transfer  it  to  the  Connty  Council  for 
appropriation  to  a  district  under  the  Isolation  Hos- 
pitals Act,  1893,  as  an  infectious  diseases  hospital, 
and  the  County  Council  may  contribute  to  the  expenses 
of  such  a  hospital.  Minor  amendments  and  defini- 
tions are  included  in  the  Act 

niMwives  Act,  WO%^  is  another  Act  directly 
concerned  with  disease-prevention,  and  may  therefore 
be  quoted  here.  Hie  duties  of  the  Local  SupervisiDg. 
Au&orities  (the  Councils  of  Counties  or  County 
Boroughs,  or  bodies  to  whom  they  may  delegate  their 
powers)  are  defined  in  Bules  drawn  up  by  the  Central 
Midwives  Board  under  s.  3,  and  approved  foy  the 
Privy  Council  on  12th  August^  1903.  In  addition 
to  the  registration  of  midwives,  the  following  duties 
arise  under  s.  3  : — 

(1)  To  exercise  a  general  supervision  over  all 
midwives  practising  within  their  area,  in  accord- 
ance with  the  above  rules. 

(2)  To  investigate  charges  of  malpractices, 
negligence,  or  misconduct  on  the  part  of  a  mid- 
wife. If  a  primd  fade  case  be  establislied,  it  is 
to  be  reported  to  the  Central  Board. 

(3)  To  suspend  a  midwife  from  practice,  when 
necessary,  in  accordance  with  the  Midwives 
Board  rules. 

The  rules  in  question  include  the  following  : — 
Whenever  a  midwife  has  been  in  attendance  upon  a  patient 
suffering  from  puerperal  fever,  or  from  any  other  illness 
supposed  to  be  infectious,  she  must  disinfect  herself,  and  all 
her  instruments  and  other  appliances,  to  the  satisfaction  of  the 
S.A«9  and  must  have  her  clothing  thoroughly  disinfected 
before  going  to  another  labour.  Unless  otherwise  directed  by 
the  Local  Supervising  Authority,  all  washable  clothing  should 
be  boiled,  and  other  clothing  should  be  stoved  (by  the  8.A*) 
and  then  exposed  to  the  open  air  for  several  days. 

Fomml  notification  must  \>©  tdsA^  \i'^  ihe  midwife  to  the 
Zioccd  Sapervising  Authoiity  'wYieii  «a!l>j  oi  VJaa  l^^'^RAob^ 
'ocur ; — 
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Wt  \c)  Wlian,   owi  rre  m 

^V         plicutions    eilher  o  ol 

^^       dDBned  in  tha  rul  sa  m 

^^       wife  ia  advuB  th  m  dica 

IP*        BflDt  for." 

II  The  Local  Snpervi  mus    se 

spcction  ('f  every  inidw  1»  m    ts 

npplliinct'a,  eto.,  hqiI  muat,  when  AeceKeary,  miilio  nrronge- 
menta  fur  inipectioQ  of  her  reaidenca,  and  (or  inreBligation  of 
her  mode  of  pratliee. 

Km  The  Local  SiiperTieing  Authority  are  to  auepend  from  prac- 

iee  a  midwife  who  conlrarenea  the  directions  iaaued  for  the  use 
t  iliainfectants  ajid  foe  the  proper  safeguard:!  against  the  spread 
I  infection  laid  down  b;^  the  Central  Board,  or  other  rules  of 
"^  BoEird.  Any  siiapenaioii  (with  the  grounda  thereof)  moat 
•  reported  to  the  Cential  Board. 

Local  OoveroDieut  Act,  ISS8.— The  sanitary 
rcvisiuna  of  this  important  Act  are  few.  Besides  the  powers 
1  respect  of  pollution  of  etrosms  conferred  upon  County 
Jbuncili  by  s.  14,  and  the  provlEiionH  as  to  ths  appointment  and 
inoliflcationa  of  county  aud  other  M.O.H.  contained  in 
'^tiima   17   and   18   ([lage  465],  only  the  following  require 

A  County  Council  may,  aubjeot  to  the  approval  of 
the  Ii,Q-.B.,  make  byelawa  in  relation  to  the  whole  or 
any  speciOed  part  of  their  county  (boroughs  excepted*) 
for  various  puvposes,  including-  the  prevention  and 
Bupprefiisioa  01  nuisances  not  already  punishable  in  a 
summary  manner  by  virtue  of  any  Act  in  foroe  through- 
out the  county  (s.  16). 

Every  M.O.H.  for  a  district  in  any  county  shall 
send  to  the  Connty  Council  a  copy  oC  every  periodical 
report  f  of  which  a  copy  is,  for  the  time  being:,  required 
hy  the  regulations  ot  the  L.Q.B.  to  ho  aent  to  the 
Board  ;  nnd  if  the  M.O.H.  fail  to  send  such  copy,  the 
Connty  Council  may  refuse  to  pay  any  contribution 
towards  his  salary.  If  it  appear  to  the  Count)-  Council 
from  any  such  report  that  the  Public  Health  Act,  IBTS, 


OBAflt.l&2.         ^     "'       '^'''    ' 

t  Tbe  Regulstluna  aX  tlie  I>,CB.  require 
nnty   CoudoU    with    cojiles   of  speelsl   B 


iiiidpul  Curjioia- 
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has  not  been  properly  put  in  force  within  the  district  to 
which  the  report  relates,  or  that  any  other  matter  affect- 
ing the   public   health    of    the  district  requires  to    be 
remedied,  the  Council  may  cause  a  representation  to  be 
made  to  the  Ij.G.B.  on  the  matter  (s.  19). 
County    Councils  have    now    certain    powers    under    the 
Housing  of  the  Working  Classes  Act,  and  they  have,  of  course, 
power  to   make  formal  or  informal  representations    to    the 
Ij.G-.B.,  or  other  controlling  authority,  upon  any  matter. 

The  Local  Govemxuent  Act,  1894,  does  not 
apply  to  county  boroughs,  or  to  London,  Scotland,  or 
Ireland. 

Area  and  ^ownc?artes.— Boundaries  are  to  be 
adjusted  so  as  to  prevent  intersection  of  those 
which  define  counties,  county  districts,  unions,  and 
parishes.  Small  rural  parishes  are  to  be  grouped  into 
workable  units  for  parish  council  pui-poses,  but  each 
is  to  have  its  parish  meeting.  In  rural  districts 
Parish  Meetings  and  Parish  Councils  are  constituted. 

The  Parish  Meeting  has  the  exclusive  power  of 
adopting  certain  optional  Acts,  including  the  Burials 
Acts  and  the  Baths  and  Washhoiises  Act,  and  its 
consent  is  required  before  the  Parish  Council  can 
incur  any  expense  involving  a  loan  or  a  rate  exceeding 
3d.  in  any  year. 

llie  Parish  Council  have  power  (s.  8)  "to  utilise 
any  well,  spring,  or  stream  within  their  parish 
and  provide  facilities  for  obtaining  water  therefrom,* 
but  so  as  not  to  interfere  with  the  rights  of  any 
corporation  or  person;  and  to  deal  with  any  pond, 
pool,  open  ditch,  drain,  or  place  containing  or  used 
for  the  collection  of  any  drainage,  filth,  stagnant 
water  or  matter  likely  to  be  prejudicial  to  health,  by 
draining,  cleansing,  covering  it,  or  otherwise  prevent- 
ing it  from  being  prejudicial  to  health,  but  so  as  not 
to  interfere  with  any  private  right  or  the  sewage  or 

*  They  cannot,  except  by  agteemewt,  tv<i(\\\\v^  Uwd  for  the  purpose  of 
any  .su])ply  of  water  (s.  9). 
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Ikdrainage  -works  of  any  Local  Authority."     They  may 
lexecute  workR  for  these  purposes,  or  contribute  to 
Bflie  cost.     They  may  complain  (s.  16)  to  the  County   ' 
tCouncil  if  the  Rural  District  Council  have  failed  to  pro- 
■Vide  or  to  maintain  sufficient  drainage  or  water  supply 
Wtar  the  parish,    or   to  enforce  any  provision  of  the 
MPublic    Health  Act,  and  in  that  event  the  County 
ICounoil  may  take  over  to  themselves  the  powers  of 
B'tiie  District  Council  for  thn  purpose,  or  may  make  an. 
■'Order  for  the  necessary  works  to  be  carried  out  by 
(tee  District  Council  or  by  some  person  appointed  by 
i  County  Council.     Notice  must  be  given  to  the 
■^riah  Council  concerned  if  the  Rural  District  Conncii 
I  decide   to   undertake   works   of    sewerage    or  water 
supply.     The  Parish  Council  may  acquire  or  hire  land 
for  allotments,  and  may,  if  necessary,  appeal  to  the 
County  Council  fof  compulsory  powers  of  purchase 
or    hire ;     the     Order    if     granted    i-equires    confir- 
mation    by     the     L.G.B.     (sections     !)     and     10). 
They   may  also  make  official  representations  to  the 
IHstrict  Council  under  the  Allotments  Acts ;    or  to 
I  the  M.O.H.  as  to  unhealthy   dwellings   or   obstruc- 
1  buildings  under  the  Housing   of  tl>e   Working 
i  Act  {see  p.  512  et  aeq.) ;  or  to   the    L.a.B. 
with   a    view    to    the    gi-ant   of    urban    powers    for 
r  parish  or  any  part  of  it.     The  District  Council 
lay  delegate  to  them  any  powers  which  under  the 
Niblic  Health  Acts  could  be  delegated  to  a  parochial 
«ommittee  (page  496).     Apart  from  expenditure  under 
adoptive   Acts,  the   Parish  Council  must  not  incur 
expenses  involving  more  than  a  6d.  rate  in  any  year, 
nor  more  than  a  3d.  rate  without  the  consent  of  the 
pariah  meeting.     They  may  raise  money  on  loan,  but 
only  with   the  approval    of  the  parish  meeting,  the-  j 
County  Council,  and  the  ^.QiB. 

Rural    District     Councils,    notw\tliata."c\i^s\^  ' 
t*limited   initiazive  poeseasfid  Viy    t\\e  "Parv^  ^iw«v.^ 
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to  confimiation  by  Parliament.  It  may  modify  the 
scheme,  and  must  determine  the  extent  of  the  pro- 
vision to  be  made  for  the  working  classes  displaced. 
In  London,  accommodation  must  be  provided  in  or 
near  the  area  for  the  whole  number  displaced,  unless 
the  Order  decrees  otherwise ;  under  certain  conditions 
the  Order  may  accept  in  substitution  equally  con- 
venient accommodation  nob  in  or  near  the  area,  and 
may  dispense  with  the  obligation  to  any  extent  not 
exceeding  one  half.  Outside  the  metropolis  such 
provision  is  only  compulsory  if  (and  to  the  extent) 
prescribed  by  the  Order.  In  assessing  the  value  of 
property,  no  additional  allowance  for  compulsory  pur- 
chase is  to  be  made  in  regard  to  any  unhealthy 
portion  of  the  area ;  and  evidence  may  be  given 
showing  that  any  premises  are  (1)  unfit  for  habitation, 
and  cannot  reasonably  be  made  fit;  or  (2)  in  bad 
repair,  or  in  an  insanitary  condition  ;  or  (3)  that  the 
rental  is  enhanced  by  reason  of  overcix)wding  or 
use  for  illegal  purposes.  In  the  first  case  the  com- 
pensation is  to  be  based  upon  the  value  of  the  land 
and  building  materials  only ;  in  the  second,  upon  the 
value  after  allowing  for  the  cost  of  necessary  repairs ; 
in  the  third,  upon  the  value  apart  from  such  illegal 
use.  After  tlje  provisional  Order  has  been  confirmed 
by  Parliament,  it  becomes  "the  Confirming  Act^" 
and  is  executed  by  the  local  authority  who  take  steps 
to  receive  and  adjudicate  upon  claims,  if  necessary 
submitting  them  to  arbitration. 

Upon  complaint  by  two  Justices^  or  twelve  rate- 
payers, the  M.O.H.  must  inspect  and  repoH  upon 
any  area.  If  he  fails  to  do  so,  or  reports  that  it  is 
not  an  unhealthy  area,  such  ratepayers  may  appeal  to 
the  Confirming  Authority,  who  may  then  appoint  a 
med\c^  practitioner  to  inspect  the  area.  If  tiie  latter 
2-eports  that  it  is  an.  \\Yi\v^«X\Xi^  %x^a^  the  8JL  are 
required  to  prepare  aii  ixa^To^eai«vi\i  ^sSci^xaa,   \a.«tY 
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case,  if  tiie  S.A.  refuse  or  fail  to  prepare  a  scheme 
upon  receipt  of  an  official  repreaentation,  they  nrast 
report  the  facts  to  the  Confirming  Authority,  who  may 
then  order  a  local  irwjniry  to  be  held. 

Part  II,  applies  to  rural  as  well  as  urban  districts, 
and  relates  to  unhiialtky  or  ahstructive  dtneUingg.  It 
is  the  duty  of  the  M.O.H.  to  represent  to  the  S.A. 
any  dwelling  which  appears  to  him  to  be  in  a  state 
dangerous  to  health  so  as  to  be  unfit  for  human 
liabitation ;  but  the  S.A.  are  also  required  to  cause 
inspections  of  their  district  to  he  made  from  time  to 
time  for  the  same  putpose.  If  satisfied  that  any 
dwelhng  is  unfit  for  habitation,  the  S.A.  must  fii-st 
tftke  proceedings  against  the  owner  for  the  closure 
the  house,  aa  directed  by  the  Public  Health  Act, 
i7S.  (See  pp.  488-9.)  If  the  closing  order  of  the 
urt  is  not  tonninated  by  a  further  order,  the  S7A. 
■may  proceed  to  make  an  order  for  the  demolition  of 
the  premises ;  but  before  doing  so  must  aflord  the 
owner  an  o]iportunity  of  stating  his  objections.  There 
is  an  appeal  to  Quarter  Sessions.  Upon  written  com- 
jJaiat  from  four  or  more  householders  that  any 
dwelling  is  unfit  for  habitation,  the  M.O.H.  must 
inspect  such  house,  and  report  to  the  S.A.  If  the 
S.A.  (not  being  a  rural  S.A.,  or  in  the  county  of 
London)  fail  to  take  action  within  three  months,  the 
complainants  may  appeal  to  tlie  L.G.B.,  who  may, 
aftfir  local  inquiry,    order  the  S.A.  to  proceed. 

Obatniotive  Builditigs.^-It  the  M.O.H.  finds  that 
any  bnilding — though  not  in  itself  unfit  for  habitation 
— by  its  proximity  to  other  buildings,  either  {a) 
stops  ventilation,  or  otherwise  conduces  to  make 
them  unfit  for  habitation,  or  (6)  prevents  the  proper 
remedy  of  any  nuisance  or  other  evils  in  respect  of 
such  other  buildings,  he  must  make  a  representation 
to  the  8.A.,  stating  that  in  his  opinioiitVift  nVwisxi.OiM'a 
builduyr  should  be  pulled  dowTv.     6u  soQ-iM  t«^«^ 
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sentation  maybe  made  bjanjfour  or  more inhabitaat 
bouseholdera.  In  eitJier  caae  the  8JL  must  make 
inquiry  as  to  the  £aotB»  and  as  to  the  cost  of  acqairing 
the  land  and  polling  down  the  building.  If  they 
decide  to  proceed,  the  8 JL  can  make  an  order  for  the 
demolition  of  the  buHding;  after  giving  the  owner  an 
opportunity  of  stating  his  objections,  and  subject  to 
appeal  to  Quarter  Sesuons.  The  compensation  to  be 
paid  by  the  8 JL  to  the  owner,  and  also  the  amount 
recoverable  by  the  8,A.  from  the  owners  of  the 
houses  benefited  by  the  demolition,  are  settled  by 
arbitration  in  case  of  dispute. 

The  8 JL  may  prepare  a  scheme  for  dedicating  as 
a  highway  or  open  space,  or  appropriating  or  exchang- 
ing for  tiiie  erection  of  working-class  dwellings,  the 
site  of  any  building  ordered  to  be  demolished  under 
Part  IL,  if  it  appears  to  them  that  it  would  benefit 
the  health  of  the  inhabitants  of  the  adjoining  houses. 
They  may  also  prepare  an  improvement  scheme  for 
any  unhealthy  area  too  small  to  be  dealt  with  under 
Part  I.  Such  schemes  require  confirmation  by  pro- 
visional Order  of  the  L.G.B.  after  a  local  inquiry,  and 
with  or  without  modification.  The  Order  may  require 
provision  to  be  made  for  the  accommodation  of 
persons  of  the  working-classes  displaced.  When  an 
official  representation  has  been  made  under  Part  II., 
or  a  closing  order  obtained,  a  rural  S.  A.  must  forward 
a  copy  to  the  County  Council,  and  report  from  time 
to  time  all  further  proceedings.  If  it  appears  to  the 
County  Council  that  a  closing  order  should  be  applied 
for,  or  an  order  for  demolition  made,  and  \i  the 
8«A«,  after  due  notice  from  the  County  Council, 
fails  to  adopt  such  measures,  the  Council  may 
by  resolution  take  over  and  exercise  the  powers 
oi  the  8<Ai«  in  respect  of  such  buildings,  le- 
covering  tbe  expeujaea  ixom  t\iQ  8.A.  Except  in 
boroughs,  a  repTeaon\&\.\OTL  Vj  ^^  ^wsssfe^  ULA JL, 
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I  forwarded  l)y  tlie  County    Council  to   any   SJIl., 
for   the  purposes  of   Part  II,,  the  same  effect  as 
'.  tna^e  by  the  M.O.H.  of  the  distiict. 

In  the  county  of  London,  Part  I.  is  entrusted  to 
1  County  Council,  and  Part  II.  primarily  to  the 
Borough  Councils.  In  the  event  of  doubt,  the 
""  s  Seci-etary  has  to  decide  under  which  part  of 
e  Act  a.  given  area  shall  be  dealt  with.  But  the 
Joiinty  Council  may  prepare  schemes  under  Part  TI, 
f  they  think  fit,  and  may  apply  to  the  Home  Secretary 
to  Older  a  contribution  from  the  District  Authority, 
who,  in  like  manner,  if  they  proceed,  may  apply  for  a 
contribution  from  the  County  Council. 

Part  III.  authorises  the  S.A.  to  provide  lodging- 
touses  for  the  working  classes,  subject  to  the  sanction 
^  the  L.G.B.  as  regards  urban  authorities,  and  of 
e  County  Council  in  rural  districts  ;  and  to  make 
ije-laws  respecting  such  houses.  For  the  adminiatra- 
Hjbon  of  this  part  of  the  Act  it  is  necessary  for  the  S.A. 

The  admioiatration  of  Parts  I.,  II.,  and  III.  in  the 
sKstrict  of  the  City  of  London  is  vested  in  the  Oora- 
I   and    the   County   Council   have   no  jui'ls- 
^otion  in  this  area. 

Part    IV.    contains   supplemental   provisions,   of 

4iich  the  following  is  important  ; — "In  any  contract 

"■  r  August  Hth,  1885,  for  letting  for  habita- 

Q  by  persona  of  the  working  classes  a  house  or  part 

f  a  bouse,  there  shall  be  implied  a  condition  that  the 

'a  at  the  commencement  of  the  holding  in  all 

3Cts  reasonably  fit  for  human  habitation." 

Houslnff  or  the  Working  Classes  Act,  1900. 

— This  Aut  amenJa  I'nrt  III,  of  tha  Act  of   1890.      It  allows 

any  Urban  8.A.  whicli  baa  adoplrjd  Part  III.  to  establish  or 

avqiiirn  lod(png-hoiim^ti  for  the   working  classes  outside  Ut<»x 

I        district;  and  any  llural  S.A.,  w ith  tho  ttmaeiA  ol  ftie  e«-a.iv\.-^ 

^t^oDcil,  lo  adopt  Purl  III.  tiiher  £or  tha  w^dVoot  ^«lI^.  (A'&lOT 
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diskiot  Ll  giidng  or  withholding  oonsesit  the  Ooanty  Ooimeil ' 
shitll  hare  regard  to  the  area  proposed,  to  the  necessity  for 
acoommodatioii  for  the  housing  of  the  working  classes  in  that 
area ;  to  the  probahility  of  sa<£  accommodation  heing  provided 
without  the  adoption  of  the  said  Pifft;  and  to  the  liability 
which  will  be  incurred  by  the  rates,  and  to  the  qnestioa 
wh^er  itil^  in  all  the  droumstances,  prudent  to  adopt  the 
said  Part 

An  Urban  8.A^  with  the  consent  of  the  I1.G.B.,  and  a 
Rural  8.  A.  with  the  consent  of  the  Oonnty  Ciouncil,  may  lease 
any  land  acquired  by  them  under  and  for  the  purposes  dE  Part 
III.  to  any  lessee  for  the  purpose  and  under  the  condition  that 
the  lessee  will  carry  the  Act  into  execution  b^  building  and 
maintaining  on  the  land  lodging-houses  within  the  meaning 
of  the  Act 

Section  6  defines  the  j^wers  ol  the  County  Council  to  act  in 
default  of  a  Bural  CounoL 

Compensation  questions  which  may  arise  shall  in  default  of 
agreement  be  determined  by  a  single  arbitrator  to  be  appointed 
and  removable  by  the  ItoGr«B« 

The  Hoostey  of  the  Woridag  Classes  Act. 
I9O89  extends  the  maximum  period  for  the  repayment  ox 
loans  raised  for  the  purposes  of  these  Acts  to  80  years  (from  60), 
leaving  the  actual  period  for  repayment,  subject  to  this  limita- 
tion, to  be  determined  with  the  sanction  of  the  Xi,  G-.B. 

The  Board  propose  as  a  general  rule  to  allow  the  full  term 
of  80  years  for  the  repayment  of  loans  for  the  purchase  of 
freehold  land,  and  60  years  for  the  repayment  of  loans  for  the 
erection  of  buildings,  where  the  circumstances  are  such  that 
this  may  properly  be  done. 

The  powers  given  to  the  Board  to  direct  a  local  inquiry  to 
be  held,  and  a  report  made  to  them  as  to  the  correctness  of  the 
official  representation  (when  the  S«A.  has  taken  no  action) 
are  supplemented  by  s.  4  (l)  of  the  1903  Act.  If,  on  report 
made  to  them  after  inquiry,  they  are  satisfied  that  a  scheme 
ought  to  have  been  made  for  the  improvement  of  the  area  to 
which  the  inquiry  relates,  or  some  part  thereof,  they  can  order 
the  8.  A.  to  make  such  a  scheme  (under  either  I^art  I.,  or 
Part  II.) 

The  Order  of  the  Board  is  enforceable  by  mandamus. 

Section  4  (2)  provides  that  any  12  or  more  ratepayers  of  the 
district  shaU  have  the  same  right  of  appeal,  under  a.  16  of  the 
1890  Act,  as  is  given  to  the  12  or  more  ratepayers  who  have 
msidQ  complaint  to  the  M.O.H.  mentioned  in  that  section. 

The  advertisements  oi  an.  Im^xoNftTRsoX.  %t\vftm.e  under  Part 
I.  may  be  published  lot  tYii^e  eonsecutlve  weeU%  ^  «ft>j  i^erVo^  ^^ 
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Section  8  concerns  procedure  for  oljlainiog  clusing  orders  in 

Ktegard  to  insanitary  bouaea. — WiiL-re  a  S.  A.  deairea  to  obtain  n 

•WHing  Order  it  was  necessary  uader  s.  32  of  the  1S90  Act,  flrdt 

EtO);ive  notice  to  the  owner  or  occupier  of  the  hooao  to  ahate  tho 

usance,    fi.  8,  IWi,  diapensea  with  this  notice  a£  legBrda  any 

felling-bauae  which,  in  the   opinion  at  tha  S.A,,  is  either 

b)  not  reasonahly  capable  of  being  made  fit  for  hamsn  hahita- 

^□,  or  {b)  in  in  Eucti  a.  state  th^it  its  occupation   shonld  be 

[mediately  diaacntinued. 

A  more  speedy  and  ctficacioua  way  of  obtaining  possession 
*  a  house  in  respuct  oF  which  a  closing  Order  has  been  madu 
Ml  Unit  provided  by  a.  33  (3)  of  the  IBBO  Aot  ia  afforded  by 
[«.  10,  1903.  Whatever  the  value  orrent  of  the  ho'iaa,  the  S.A. 
Uy  proceed  eithur  under  Sections  13!j  to  115  of  the  OoDnty 
Jourb  Act,  1B88,  or  under  the  Small.  Tenementa  Recoyery 
)pt,  1838.  The  espenaen  of  theat'  proceedings  can  be  recovored 
'"     "  the  owner  under  the  Summary  Jurisdiction  Acts, 

,  11  (1)  empowers  the  S.A,,  if  they  provide  lodging 
a  under  Part  III.,  or  if  they  supply  acconjmodation  nnder 
a  Housing  Acts  or  under  any  scheme  made  in  pursuance  <if 
lese  Acta,  to  provide  and  maintain.,  in  connection,  therewith, 
ny  bailding  adapted  For  i:tse  as  a  shop,  any  recreation  groundfl, 
it  other  buudingi  or  land  which,  in  the  opinion  of  the  Board, 
"rill  serve  a  benefioial  purpnae  in  connection  with  the  requiro- 
^nta  ol  the  persons  tor  whom  the  lodging- houses  or  dwelling 
QDommodatioa  are  provided.  The  consent  of  the  Board  ia 
Quired  to  the  exercise  of  these  powers,  and  they  may  require 
Bl  vbttntory  provisions  of  control. 

Strvict  of  notices. — The  service  of  notices  and  other  docu- 
ments ia  lucilitated  by  s.  13, 

Sale  of  Food  and  Drugs  Act,  187d. — Tliin 
Act  detines  "  food "  as  including  every  article  used 
by  man  tov  food  or  drink,  except  water  and  diiigs  ; 
a,nd"druga"  as  including  mediciuu  for  external  aa 
well  M  internal  uae  (a.  2).  "No  person  ahall  mix, 
colour,  stain,  or  powder  (or  order  or  permit  any  other 
person  to  mix,  colour,  atain,  or  powder)  any  article  of. 
food  with  any  ingredient  or  material  so  aa  to  render, 
i  tfie  ai-tide  injurious  to  liealtli,  wt\\  mtetA  &■(*•" 
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garine  cheese,''  which  must  be  clearly  marked  on  the 
package  in  black  letters  not  less  than  half  an  inch 
long.  Every  maker  of  margarine  and  margarine 
cheese  shall  keep  a  register  as  to  quantity  and  des- 
tination of  his  consignments,  and  he  shall  submit  to 
inspection  (s.  7).  The  fat  of  margarine  must  not 
contain  more  than  10  per  cent,  of  butter  fat  (s.  8), 
and  condensed  milk  of  all  kinds  may  only  be  sold 
when  clearly  described  on  the  label.  A  person  selling 
milk  on  any  highway  must  have  conspicuoasly  marked 
on  the  vehicle  his  name  and  address. 

Penalties  for  wilful  obstruction  of  officers  in  the 
course  of  their  duties  in  food  sampling  and  for  offences 
under  the  Acts  are,  for  the  first  offence,  sums  not 
exceeding  <£20,  and  for  subsequent  oflfences,  JB50  and 
£100 ;  but  proceedings  may  not  be  instituted  after 
the  expiration  of  28  days  from  the  time  of  purchase. 
A  warranty  is  not  available  as  a  defence  unless  a 
copy  has  been  sent  to  the  purchaser  within  seven 
days  of  service  of  the  summons,  with  a  written  notice 
stating  that  reliance  will  be  placed  on  it,  and  specify- 
ing the  name  and  address  of  the  warrantor. 

These  Acts  are  directed  not  only  against  fraudulent  dilu- 
tion, abstraction  and  substitution,  but  also  against  injury  to 
health,  and  the  sampling  and  analysis  should  be  guided  by  con- 
sideration of  both  points.  In  the  case  of  beer  the  risk  of  lead 
contamination  from  pewter  pipes  has  long  been  known,  but  that 
of  arsenic  was  overlooked  until  1900. 

The  margarine  Act,  1887,  defines  "butter "as 
made  exclusively  from  milk,  or  cream,  or  both,  with 
or  without  salt  or  other  preservative,  or  added  colour- 
ing matter.  "  Margarine  "  includes  all  substances, 
whether  compounds  or  otherwise,  prepared  in  imita- 
tion of  butter,  whether  mixed  with  butter  or  not  (s.  3). 
Every  package  of  margarine  must  be  so  marked,  in 
capital  letters  not  less  than  |  inch  square,  and  in 
shopSy    by  labels  witb.  ca^\\j«\  \^\X)«t^  tv<5>^  Wh   than 
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I 

^■.1^  in.  square).  All  margarine  factories  must  be 
B- registered  with  the  Authority  appoiuting  the  Public 
"  Analyst  of  the  district  (s.  3).  Officers  authorised 
under  the  Sale  of  Food  and  Drugs  Acts  may  take 
samples  of  butter  (or  substances  purporting  to  be 
butter  which  are  exposed  for  sale  and  not  marked  as 
margarine)  without  going  through  the_forni  of  purchase 
required  by  that  Act,  but  otherwise  complying  with  ita 
provisions  as  to  dealing  with  the  samples  (s,  10).  Any 
aneh  substance  not  being  marked  as  margarine  is  to 
be  presumed  to  be  exposed  for  sale  as  butter.  The 
■vendor  ia  absolved  if  he  proves  that  he  bought  the  article 
with  a  written  warranty,  and  sold  it,  in  the  same  state 
as  when  bought,  believing  it  to  he  butter.  The  penalty 
for  a  first  offence  ia  a  fine  not  exceeding  £20. 

Sale  of  Horseflesh,  etc..  Reg-ulaiion  Act. 

1889i— ^The  flesh  of  homos,  asses,  or  mulos  must  nut  \io  Hold 
T  kept  (or  Bala  for  Iniman  food,  except  in  a  shop  or  stall  over 
If  upon  which,  is  placed  conspicuoaaly,  ia  lagible  charactacs 
fi  btar  ioohes  lon^,  an  announceiuent  that  borsefiesli  is  sold  there. 
L}f  otherwise,  thd  U.OaH,  or  inspector  may  seize  the  meat 
■^d  carry  it  hefore  a  magistrate,  who  may  order  as  to  its 
V  dJsposiil  RB  he  thinks  fit ;  and  the  offender  is  liable  to  penalty. 
rThese  conditiaiis  apply  to  each  flesh  cooked  or  unDooked,  nai 
Ltklone  or  mixed  nith  other  subatauces.  It  is  illegal  to  supply 
KijjuirseB^ih  for  human  food  to  a  purchaser  asking  fur  other  meat, 

■  iCT  for  a  compounded  article  not  usually  made  of  hui-soBeah. 

The  Rivers  Pollution  Prevention  Act, 
ll§V6,  deals  separately  with    {a)    solid   matters,   (6) 

■  ■ewage,  (c)  trade  effluents,  and  (rf)  mining  effluents. 

I  (a)  No  solid  refuse  of  any  kind  must  be  put  into 
Iftny  fltream,  so  as  to  interfere  with  its  due  flow  or  to 
^Uute  its  waters  (s.  2).* 

(fi)  No  solid  or  liquid  sewage  matter  must  be 
_  issed  into  any  stream  ;  but  as  regards  conditions  in 
Hxiatence  prior  to  1876  no  offence  is  committed  under 

aliaPisbUc  HcuUL  Actb  AJHBHijLiutal,  \Ql.,  WWl  ^V- ^'*»1 
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this  Act  if  it  is  shown  that  the  best  practicable  and 
available  means  are  being  used  to  render  harmless  the 
sewage  entering  the  stream  (s.  3). 

(c)  No  poisonous,  noxious,  or  polluting  liquid  from 
any  factory  or  manufacturing  process  must  be  passed 
into  any  stream.  The  saving  clause  as  to  conditions 
existent  prior  to  1876  is  repeated  here  (s.  4). 

(d)  No  solid  matter  from  mines  must  be  put  into 
any  stream  so  as  prejudicially  to  affect  its  flow ;  nor 
must  any  poisonous,  noxious,  or  polluting  solid  or 
liquid  matter  from  mines  be  passed  into  any  stream, 
other  than  water  in  the  same  condition  in  which  it 
has  been  raised  or  drained  from  such  mine  (s.  5). 

Proceedings  may  be  instituted,  in  respect  of  pollu- 
tion of  streams  by  sewage  or  solid  matters,  by  any 
private  person  or  S.A.  aggrieved  (s.  8) ;  but  in 
respect  of  manufacturing  or  mining  effluents  S.A.'8 
only  can  take  action,  and  subject- to  the  approval  of 
the  L.G.B.  The  Board,  in  giving  or  withholding 
consent,  shall  have  regard  to  the  industrial  interests 
involved,  and  the  circumstances  and  requirements 
of  the  locality.  They  shall  not  give  their  con- 
sent to  proceedings  by  the  S.A.  of  a  district  which 
is  the  seat  of  any  manufacturing  industry,  unless 
they  are  satisfied,  after  due  inquiry,  that  means  for 
rendering  harmless  the  effluents  from  such  manufac- 
turing processes  are  reasonably  practical  and  avail- 
able, and  that  no  material  injury  to  the  interests  of 
such  industry  will  be  caused  by  the  proceedings  (s. 
6).  Any  person  interested  may  call  the  attention  of 
the  S.A.  to  pollution  by  manufacturing  or  mining 
effluents,  and,  if  the  S.A.  refuse  to  move,  may  appeal 
to  the  L.G.B. ,  and  the  Board  may,  after  due  inquiry, 
direct  the  Authority  to  take  proceedings  (s.  6). 

The  S.A.  must  afford  facilities  for  admitting  trade 

e/fluents  into  sewers,  Mii\^^5i  \k^^  ^Q\ild  prejudicially 

atfbct  the  sewers   or  itvt,ftTiet^  V\W\  \X\^  ^\^^^^^  ^*l\\sft 


IChtp-XviiM  Rivers  PoLLUTioK  Prevention  Act  527 


^rsowage,  or  be  injurious  in  a  sanitary  point  of  view, 
^^from  their  temperature  or  otherwise ;  or  unless  the 
^■"Sewera  are  only  large  enough  for  the  oitlinavy  reqaire- 
^■'Inentd  of  the  district  (e.  7). 

^n        [S,  14  of  the  Local  Government  Act,  18S8,  confers 
^pupon  County  Councils  the  powers  of  SJl.'s  under  the 
^  Rivera  Pollution  Prevention  Act ;    and   enables  the 
£,O.B.  to  form  a  joint  committee  representing  all  the 
administrative  counties  through  or  by  which  a  river, 
or  any  specified  portion  of  a  river,  or  aiiy  tributary 
thereof  passes,  and  to  confer  upon  the  joint  committee 
r  any  of  the  powers  of  a  S.A.  under  the  Act] 
The     Royal    Commiasion    ou     Sewage    Disposal 
mded  in  1903  tlie  formation  of  River  Boai-ds 
ihroughout  the  country  eouiposed  of  joint  committees 
1   County    Councils    for    the   purpose   of   properly 
^forcing  tlie  R.P.P.  Act.     Such    Boards  have   the 
idvantage     o£  jurisdiction    over    the    whole    of    a 
drainage   area  and  are    sufGciently  large  to   secure 
appointment    of    skilled    officers.       Some    have 
Bflxtended  powers  under  special  Acts.     Many  methods 
lire  now  available   for  the  treatment  of  sewage   at 
paoderate  cost,  in  such  manner  as  to  deprive  it  of  most, 
'1  not  all,  of  its  impurities,  leaving  an  effluent  which 
nay  be  passed  into  streams  without  material  ill  efiect. 
As  to  trade  pollutions,  until  recently  comparatively 
little    had  been  done.      The   difficulties,    both   legal 
and    sanitary,    are   far  gi'eater   than   in   respect   of 
ctomestic  or  town  sewage.     Ifow,  however,  the  treat- 
ment of  sewage  mixed  with   trade  effluents  is  being 
toraotically  dealt  with  and  presents  less  difficulty  where 
kanufacturers  adopt  reasonable  means  for  removing 
9  solids,  equalising  the  discharge,  and,  when  neces- 

',  nentralising  the  trade  effluent. 
'a  short  explanatory  Act  (R.P.P.  Act,  1893\  t^.- 
a technical  difficulty  Ua\>\e to \ieta.\ftB'i.Vj*.^* 
r  tn  ei-ade  their  responBi\rv\u\e^  utvie-c  & 
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Canal  Boats  Act,  1§77  —The    term  ''  caual " 
includes  all  navigable  waters,  tidal  or  otherwise,  within 
the   body  of  a  county,  and  the  term  "canal  boat" 
includes   every   vessel,   however   propelled,  used   for 
conveyance   of   goods   along  such   waters,    but   does 
not  include  a  ship   registered   under  the   Merchant 
Shipping  Act,  unless  the  L.G.B.  ordei's  otherwise. 
No  canal  boat  must  be  occupied  as  a  dwelling  unless 
it  is  registered   under  this   Act,  and  then   only  by 
the  number  of  persons  of  the  age  and  sex  for  which 
it  is   registered   (s.    1).      The  registration  authority 
must  be  a  S.A.  whose  district  abuts  on  the  canal  on 
which  the  boat  is  intended  to  ply ;  and  the  boat  must 
be  registered   as  belonging  to  some  place  which  is 
within  the  said  district,  and  which  is  also   within 
a   school    district    (s.    7).      Upon    registration    two 
certificates  must  be  given  to  the  owner,  identifying  the 
owner  and  the  boat,  and  stating  the  place  to  which  it 
belongs,   and  the  number,   age,   and  sex   of   persons 
allowed  to  dwell  in  the  boat.     The  master  of  the  boat 
must  carry  one  of  these  certificates.    Every  registered 
boat  must  have  conspicuously  painted  upon    it  the 
registered  number,  the  place  to  which  it  belongs,  and 
the    word    *^  registered ''    (s.    3).      If  any   person    on 
a  canal  boat  is  suffering  from  an  infectious  disease,  the 
S.A.  of  the  place  where  the  boat  is  shall  adopt  such 
precautions  as  appear  necessary,  upon  the  certificate 
of  the  M.O.H.  or  other  legally  qualified  practitioner ; 
and  may  remove  such  sick  person  and  exercise  the 
other  powers  conferred  by  the  Public  Health  Act  in 
this  respect;  and  may  detain  the   boat   as   long    as 
is    necessary   for   cleansing   and   disinfecting    (s.    4). 
If  any  person  duly  authorised  by  the  S.A.  has  reason 
to  suspect  any  contravention  of  the  Act,  or  that  a 
person  on  board  is  suffering  from  an  infectious  disease, 
he  may  enter  the  boat  ioY  th^  purpose  of  inspection 
hotyieen  6  a.m.  and  9  p.TV\.,  ?\T\d  w\«.^  T^xs^vkvc^^V^xw^t^r 
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of  the  boat  to  afford  him  facilities  for  eo  doing,  and  to 
produce  the  certificate  of  registry  of  the  boat  (s.  5). 

The  second  section  directs  the  l.G.B.  to  make 
regulations  (i.)  for  the  registration  of  canal  boats ; 
(ii.)  for  lettering,  marking,  and  niunbering  sucli 
boats;  (itL)  for  tixing  the  number,  age,  and  sex  of 
persons  who  may  be  allowed  to  dwell  in  a  canal  boat, 
having  regard  to  the  cubic  space,  veutilation,  separa- 
tion of  the  sexes,  general  heulthineas,  and  convenience 
of  accommodation;  (iv.)  for  promoting  cleanliness  and 
iabitable  condition  of  such  boats;  and  (v.)  for  pre- 
senting the  spread  of  infectious  diseikse  by  canal  boats. 


,  letiBt  one  dry,  ploan,  weatherptoof 
cuUn,  in  good  repair.  An  aftec'oabin  inlended  to  be  used 
as  e.  dwolbng  must  contain  not  less  thun  IBO  cubic  feci  of 
(ree  HIT  space,  and  a  fore-cabin  80  cubic  feet;  every  aach 
cabin  must  have  meaos  of  ventilation  besides  the  door, 
andmufit  bo  bo  constructed  as  to  provide  adequate  Bleeping 
accomniDdation.  One  cabin  must  contain  a  stove  and 
chimney.  The  boat  must  be  fumiabed  wilh  Ruituble 
■toraga  foe  tbrue  gallons  of  water.  If  intended  to  be 
ordioHrily  need  for  foul  carpaea,  the  bold  must  bo  separ- 
atad  from  any  iiibubiiod  cabin  by  a  double  bulkhead  with 
an  interBpaCQ  of  four  inches,  and  tbe  bulkhead  nest  the 
OBi^  must  be  water-tight.  Not  leas  than  60  uubio  feet  of 
air  Bpiica  must  be  allowed  for  each  person  over  twelve 
fears  of  age,  and  not  less  than  40  cubic  feet  for  eai^h 
person  under  that  age.  In  "  fly-boats  "  worked  by  ahifti, 
a  cabin  occupied  at  the  same  time  by  two  persons  must 
have  a  cupacity  of  180  cubic  feet.  A.  cabin  in  which  a 
married  couple  sleep  mast  not  be  occupied  at  the  same 
time  by  any  other  nrnle  above  H,  or  female  above  12 
yean  of  age.  Mates  aboi'e  14  and  females  above  13 
yeard  of  age  must  not  occupy  the  same  sleeping-  cabin  at 
the  same  time,  but  ri<eervution  is  made  for  married  caiipleE 
and  also  (under  corlsin  oonditionaj  in  respect  o(  boats  con 
fltructed  prior  to  1878.  The  interior  cf  the  cabin  must  be 
repainted  eveiy  three  yearB,  and  vnuW  ^b  "ib^x  ^w^. 
SUgena.t'r  must  bo  pumped  out  ally's,    'SV  — -•--  "* 
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the  boat  must  at  once  notify  the  occurrence  of  any  case  of 
infectious  disease  on  the  boat  to  the  8.  A.  of  the  district 
through  which  the  boat  may  bo  passing,  and  also  to  the 
S.A.  of  the  place  of  destination;  he  must  also  inform 
the  owner,  who  is  required  to  notify  to  the  S.A.  of 
the  place  to  which  the  boat  belongs.  If  the  boat  is 
detained  by  the  S.A.  for  purposes  of  disinfection,  the 
S.A.  must  obtain  a  medical  certificate  that  the  boat  has 
been  cleansed  and  disinfected,  and  must  give  it  to  the 
master. 

The  Canal  Boats  Act,  1§§4,  amends  the  1877 
Act  in  certain  details,  and  makes  it  incumbent  upon 
every  S.A.  through  whose  districts  any  canal  passes  to 
enforce  the  provisions  of  the  Act  and  Regulations,  and 
to  make  an  annual  report  upon  the  subject  to  the 
Ii.G.B.'^  The  Board  is  required  to  make  inquiries 
from  time  to  time  (by  an  inspector  or  inspectors 
specially  appointed  for  the  purpose)  as  to  the  working 
of  the  Acts  and  Regulations,  and  to  report  annually 
thereon  to  Parliament. 

The  Dairies,  Coivsheds,  and  lUilhshops 
Order  of  1§§5  was  made  by  the  Privy  Council 
under  s.  34  of  the  Contagious  Diseases  (Animals)  Act 
of  1878.  An  amending  Act  (C.D.A.  Act,  1886) 
transferred  to  the  L.G.B.  the  powers  of  the  Privy 
Council  under  this  section,  and  the  D.C.  and  M.  Amend- 
ing Order,  1886,  substituted  the  Board  for  the  Privy 
Council  and  remedied  certain  omissions  in  regard  to 
penalties,  giving  the  Order  the  force  of  law.  The 
D.C.  and  M.  Order  of  1899  amended  the  previous 
Orders  by  including  tuberculosis  among  the  infective 
diseases  on  the  occurrence  of  which  milk  should  not 
be  sold  under  a  15.  The  effect  of  the  three  Orders 
is  to  throw  upon  every    S.A«  the  duty  of  supervising 

*  This  report  has  to  be  drawn  up  in  prescribed  form  and  must  include 

particulars  as  to  registration,  notification  of  change  of  master,  certificate, 

marking  ot  boat,  overcrowding,  ae^w&Uon  of  sexes,  cleanliness,  ventila* 

t/on,  painting,  provision  of  "water  caaVL,TemoN^\ol^2^\%^H^«.tft^^  notification 

ot  infectious  disease,  and  admiUawce  ot  Vcv^^^cXox. 
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tte  milk  trade  iu  their  district,  and  of  carrying  out 
certain  general  regulations  prescribed  by  the  Orders, 
These  duties  are  common  to  all  districts  alike,  but  any 
S.A.  may  arm  itself  with  further  powers  by  making 
Regulations  under  s.  13,  having  the  force  of  bye-laws.  ' 
The  (.'hief  provisions  of  the  Oi-ders    are  summarised 

Section  6,  (1 )  It  shall  not  be  lawful  for  any  person 
to  carry  on  .  .  ,  the  irade  of  cowkeeper,  daiiyman^ 
or  purveyor  of  milk  unless  he  is  registered  as  below. 
(2)  Every  S.A.  shall  keep  a  register  of  sncli  persona, 
and  shall  from  time  to  time  revise  and  correct  the 
register.  (3)  The  S.A.  shall  register  every  such 
person,  but  registration  shall  not  be  deemed  to 
authorise  sucli  person  to  occupy  as  a  dairy  or 
oowshed  any  particular  building,  or  preclude  pro- 
ceedings. (4)  The  S.A.  shall  from  time  to  time 
give  public  notice  of  registration  being  required, 
and  of  the  mode  of  registration,  (5)  A  person  who 
earries  on  the  trade  of  cowkeeper  or  dairyman  for 
the  purpose  only  of  making  and  selling  butter  or 
eheese,  or  both,  and  who  is  not  also  a  purveyor  of  milk, 
need  not  be  registered.  (6)  A  person  who  sella  milk 
of  his  own  cows  in  small  quantities  to  his  workmen 
or  neighbours  for  their  accommodation  need  not,  by 
reason  thereof,  be  registered. 

Section  7.  (1)  It  shall  not  be  lawful  to  begin  to 
occupy  as  a  dairy  or  cowshed  any  building  not  so  oc- 
cupied at  the  commencement  of  this  Order  until  pro- 
Tision  is  made,  to  the  reasonable  satisfaction  of  the  S.A,, 
for  the  lighting  and  ventilation,  including  air-space, 
and  the  cleansing,  drainage,  and  water-supply  ;  or  (2) 
without  first  giving  one  month's  notice  in  writing  to 
the  S.A. 

Section  8.  It  shall  not  be  lawful  to  occupy  as  a  dairy 
er  cowshed  any  building— whether  ao  Q<ic».-^\e\  al(.  ^i* 
■eomnieacement  of  this  Order  or  ncrt, — ^ 
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lighting  and  ventilation,  including  air-space,  and  the 
cleansing,  drainage,  and  water-supply  thereof,  are  .ftot 
such  as  are  necessary  or  proper  (a)  for  the  health  and 
good  condition  of  the  cattle  therein ;  (6)  for  the 
cleanliness  of  milk-vessels  used  therein  for  containing 
milk  for  sale ;  and  (c)  for  the  protection  of  the  milk 
therein  against  infection  or  contamination. 

Section  9.  It  shall  not  be  lawful  for  any  .... 
cowkeeper,  or  dairyman,  or  purveyor  of  milk,  or 
occupier  of  a  milkshop  (a)  to  allow  any  person  suffer- 
ing from  a  dangerous  infectious  disorder,  or  having 
recently  been  in  contact  with  a  person  so  suffering,  to 
milk  cows  or  to  handle  vessels  used  for  containing 
milk  for  sale,  or  in  any  way  to  take  part  or  assist  in 
the  conduct  of  the  trade  ....  so  far  as  regards  the 
production,  distribution,  or  storage  of  milk ;  or  (b)  if 
himself  so  suffering,  or  having  recently  been  in  contact 
as  aforesaid,  to  milk  cows  or  handle  vessels  containing 
milk  for  sale,  or  in  any  way  to  take  part  in  the 
conduct  of  his  trade  as  far  as  regards  the  produc- 
tion, distribution,  or  storage  of  milk ;  until,  in 
each  case,  all  danger  therefrom  of  the  communication 
of  infection  to  the  milk  or  of  its  contamination  has 
ceased. 

Section  10.  It  shall  not  be  lawful  for  any  .... 
cowkeeper,  dairyman,  or  purveyor  of  milk,  or  ...  . 
occupier  of  a  milk  store  or  milkshop,  after  the  receipt 
of  notice  of  not  less  than  one  month  from  the  Local 
Authority  calling  attention  to  the  provisions  of  this 
Article,  to  permit  any  water-closet,  earth-closet,  privy, 
cesspool,  or  urinal  to  be  within,  communicate  directly 
with,  or  ventilate  into,  any  dairy  or  any  room  used  as 
^  milk  store  or  milkshop. 

Section  11.  It  shall  not  be  lawful  for  any  .... 

cowkeeper,    or   dairyman,    or   purveyor   of  milk,    or 

occupier  of  a  milk  store  or  mUkshop,  to  use  a  milk 

store  or   milkshop  in  Yvia .  occu^'aXAOtv,  est  ^^\xcl\\»  tVve 


[ 
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Bamo  to  be  used,  as  a  sleeping  apartment,  or  for  any 
purpose  incompatible  with  the  proper  preservation  oE 
cleanlineaa  of  the  milk  store  or  milkshop,  and 
of  the  milk-veasela  and  milk  therein,  or  in  any 
manner  likely  to  cause  contamination  of  the  milk 
therein. 

Section  12.  It  shall  not  be  lawful  for  any  .... 
cowkeeper,  or  dairyman,  or  purveyor  of  milk  to  keep 
any  Bwine  in  any  ....  building  used  by  hira  for 
keeping  oowg,  or  in  any  milk  store  or  other  place  used 
by  him  for  keeping  milk  for  sale. 

Section.  13.  Any  8.A.  may  make  regulatioua. 
(n)  for  the  inspection  of  cattle  in  dairies ;  (6)  for 
prescribing  and  regulating  the  lighting,  ventila- 
tion,* cleansing,  drainage,  and  water  supply,  of  dairies 
and  cowsheds  .  .  ,  ,;  (c)  for  securing  the  cleanlineas 
of  milk  stores,  milkshops,  and  milk-vessels  used  for 
containing  milk  for  sale ;  aud  (d)  for  prescribing  precau- 
tions to  be  taken  by  purveyore  of  milk,  and  persona 
selling  milk  by  retail,  against  infection  or  contamin- 
ation. 

Section  14.  The  following  provisions  shall  apply  to 
I  regulations  made  by  any  S.A.  under  this  Order  : — 
*  (1)  Every  regulation  shall  be  published  by  advertise- 
1  ment  in  a  newspaper  circulating  in  the  district. 
[-^2)  The  S.A.  shall  send  to  the  L.Q.B.  a  copy 
r  of  every  regulation  at  least  a  month  before  the  date 
t  of  operation,  (3)  Tlie  L.G-.B.  may  at  any  time  revoke 
li  any  regulation  if  satisfied  on  inquiry  that  it  is  too 
restrictive  or  otherwise  objectionable. 

Section  15.    The  milk    of  a   cow  suffering   from 

cattle-plague,    pleuro-pneuinonis,    or    foot-and-mouth 

(a)   shall   not   be    mixed    with    other   milk ; 

I  fb)  shall  not  bo  sold  or  used  for  human  food  ;  and  (e) 
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shall  not  be  iwld  or  tised  for  food  of  animals,  nnlesB 
it  has  been  boiled.  Tuberculosis  is  now  induded  in 
this  section  under  the  D.O.  and  M.O.  of  1899. 

The  lollowing  Model  Begolations  under  seotionL  IS  of 
the  Order  have  been  drawn  np  by  fhe  I1.G.B.  for.  Dsiriei^ 
Cowshedi  and  MUkahopa. 

Int0rpr0ttUimt, 

1.  The  ezprenioa  "oowihed  **  indLudes  any  dairy  in  whidi 
milking  00W8  may  be  kept,  and  the  entression  '^oowkeeper** 
means  any  person  following  Uie  trade  of  a  oowkeeper  or 
dairyman  required  to  be  registered  nnder  the  Order  of  1885. ' 

I^  iks  Impettum  of  Cattle  in  DtUruB. 

%  Every  oooupier  of  a  dairy  wherein  any  cattle  may  be 
kept)  and  which  the  ICO.H.,  or  the  Inspector  of  Nnisaiieai, 
or  an  J  other  oflSesr  of  tiie  Conncil  specially  authorised  by 
them  m  that  behalf,  may  visit  for  the  parpose  of  inspecting 
cattle,  and  every  person  for  the  tune  being  having  the  care  or 
control  of  any  such  dairy,  or  of  any  cattle  therein,  shall  aiford 
such  officer  all  reasonable  assistance  that  may,  for  the  purpose 
of  the  inspection,  be  required  by  him. 

For  prescribing  and  regulating  the  Lighting,  VENTHiA- 
TioN,  Cleansing,  Drainage,  and  Water  Supply  of 
Cowsheds  and  Dairies. 

Part  I. 

The  regulations  in  thie  Part  shall  apply  to  cowsheds  the  cows  from 
which  are  habitually  grazed  on  grass  land  during  the  greater 
part  of  the  year,  and  when  not  so  grazed  are  habitually  turned 
out  during  a  portion  of  each  day. 

3.  Lighting, — Every  cowkeepor  shall  provide  that  every 
cowshed  in  his  occupation  shall  be  sufficiently  lighted  with 
windows,  whether  in  the  sides  or  roof  thereof. 

4.  Ventilation. — Every  cowkeeper  shall  cause  every  cow- 
sho  i  in  his  occupation  to  be  sufficiently  ventilated,  and  for  this 
purpose  to  be  provided  with  a  sufficient  number  of  openings 
into  the  external  air  to  keep  the  air  in  the  cowshed  in  a  whole- 
some condition. 

6.  Cleansing. — (1)  Every  cowkeeper  shall  cause  every  part 
oi  the  interior  of  every  cowahad  in  his  occupation  to  be 
t/joroughly  cleansed  from  Urn©  Vj  \.\ina  «»  ^'^-a^aioajs  \ift«i 
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necessary  to  secure  that  such  cowshed  shall  he  at  all  times 
reasonably  clean  and  sweet. 

(2)  Such  person  shall  cause  the  ceiling  or  interior  of  the 
roof  and  walls  of  every  cowshed  in  his  occupation  to  be 
properly  limewashed  twice  at  least  in  every  year,  that  is  to  say, 
m^ee  during  the  month  of  May  and  once  during  the  month  of 
October,  and  at  such  other  times  as  may  be  necessary. 

Provided  that  this  requirement  shall  not  apply  to  any  part 
of  such  ceiling,  roof,  or  walls  that  may  be  properly  painted,  or 
varnished,  or  constructed  of  or  covered  with  any  material  such 
as  to^render  the  limewashiog  unsuitable  or  inexpedient,  and 
that  may  be  otherwise  properly  cleanf>ed. 

(3)  He  shall  cause  the  floor  of  every  such  cowshed  to  be 
thoroughly  swept,  and  all  dung  and  other  offensive  matter  to 
be  removed  from  such  cowshed  as  often  as  may  be  necessary, 
and  not  less  than  once  in  every  day. 

6.  Drainage. — (1)  Every  cowkeeper  shall  cause  the 
drainage  of  every  cowshed  in  his  occupation  to  be  so  arranged 
that  all  liquid  matter  which  may  fall  or  be  cast  upon  the  floor 
may  be  conveyed  by  a  suitable  open  channel  to  a  drain  inlet 
situate  in  the  open  air  at  proper  distance  from  an}'  door  or 
window  of  such  cowshed,  or  to  some  other  suitable  place  of 
disposal  which  is  so  situate. 

(2)  He  shall  not  cause  or  suffer  any  inlet  to  any  drain  of 
inch  cowshed  to  be  within  such  cowshed. 

7.  Water  Supply. — (1)  Every  cowkeeper  shall  keep  in,  or 
in  connection  with,  every  cowshed  in  his  occupation  a  supply 
of  water  suitable  and  sufficient  for  all  such  purposes  as  may 
from  time  to  time  be  reasonably  necessary. 

(2)  He  shall  cause  any  receptacle  which  may  bo  provided 
for  such  water  to  be  emptied  and  thoroughly  cleansed  from 
time  to  time  as  often  as  may  bo  necessary  to  prevent  the  pollu- 
tion of  any  water  that  may  be  stored  therein,  and  where  such 
receptacle  is  used  for  the  storage  only  of  water  he  shall  cause 
it  to  be  properly  covered  and  ventilated,  and  so  placed  as  to  bo 
at  all  times  readily  accessible. 

Part  II.  ' 

The  regulations  in  Tart  /.,  and  also  the  following  regulation ^ 
shall  apply  to  all  cowsheds  other  than  those  the  cows  from  which 
are  habitually  grazed  on  grass  land  during  the  greater  part  of 
the  year^  and  when  not  so  grazed  are  habitually  turned  out 
during  a  portion  of  each  day. 

8.     A  cowkeeper  shall  not  cause  or  a\\o^  a.TV"^  c,oN4^<ei^vcv 
his  occupation  to  be  occupied  by  a  Inrger  uvxrc^x  q1  cftr««^  ^wn. 
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will  leave  not  less  than  eight  hundred  feet  of  air  space  for  each 

cow. 

Provided  as  follows : — 

(a)  In  calculating  the  air  space  for  the  purposes  of  this 
regulation,  no  space  shall  be  reckoned  which  is  more 
than  sixteen  feet  above  the  floor ;  but  if  the  roof  or  ceiling 
is  inclined,  then  the  mean  height  of  the  same  above  the 
floor  may  be  taken  as  the  height  thereof  for  the  purposes  of 
this  regulation. 

[h)  This  regulation  shall  not  apply  to  any  cowshed  con- 
structed and  used  before  the  date  of  these  regulations 
coming  into  effect,  until  two  years  after  that  date. 

Part  III. 

9.  In  this  Part  the  expression  "  dairy  "  means  a  dairy  in 
which  cattle  are  not  kept. 

10.  Lighting. — Every  cowkeeper  shall  provide  that  every 
dairy  in  his  occupation  shall  be  sufl&ciently  lighted  with 
windows,  whether  in  the  sides  or  roof  thereof. 

11.  Ventilation, — Every  cowkeeper  shall  cause  every  dairy 
in  his  occupation  to  be  sufficiently  ventilated,  and  for  this  pur- 
pose to  be  provided  with  a  sufficient  number  of  openings  into 
the  external  air  to  keep  the  air  in  the  dairy  in  a  wholesome 
condition. 

12.  Cleansing. — (I)  Every  cowkeeper  shall  cause  every 
part  of  the  interior  of  every  dairy  in  his  occupation  to  be 
thoroughly  cleansed  from  time  to  time  as  often  as  may  be 
necessary  to  secure  that  such  dairy  shall  be  at  all  times  reason- 
ably clean  and  sweet. 

(2)  He  shall  cause  the  floor  of  every  such  dairy  to  be 
thoroughly  cleansed  with  water  at  least  once  in  every  day. 

13.  Drainage. — (1)  Every  cowkeeper  shall  cause  the  drain- 
age of  every  dairy  in  his  occupation  to  be  so  arranged  that  all 
liquid  matter  whcih  may  fall  or  be  cast  upon  the  floor  may  be 
conveyed  by  a  suitable  opening  channel  to  the  outside  of  such 
dairy,  and  may  there  be  received  in  a  suitable  gully  communi- 
cating with  a  proper  and  sufficient  drain. 

(2)  He  shall  not  cause  or  suffer  any  inlet  to  any  drain  of 
such  dairy  to  be  within  such  dairy. 

14.  Water  Supply. — (1)  Every  cowkeeper  shall  cause  every 
dairy  in  his  occupation  to  be  provided  with  an  adequate  supply 
of  good  and  wholesome  water  for  the  cleansing  of  such  dairy 
and  of  any  vessels  that  may  be  used  therein  for  containing 
miJk,  and  for  all  other  reasonable  and  1  ecessary  purposes  in 
connection  with  the  use  \\\eTeoi.. 

(2)  He    shall   ca\iae   evei^   c\?X.^\t\.  ot  ciNJcv^x  \^^.<s^\aod.a  in 
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which  any  such  wmter  maj  he  stordd  to  he  propeily  cowt^vI 
and  TentOated,  and  ao  placed  as  to  he  at  all  times  wadily 
accessible. 

(3)  He  shall  cause  every  sadi  cistern  or  receptacle  to  be 
emptied  and  thorooghly  cleansed  from  time  to  time  as  often  h8 
may  be  necessary  to  pieTent  the  poUution  of  any  water  that 
may  be  stored  therein. 

For  sbcuring  ths  Clbanlikbss  of  Mllk- stores,  Milk> 

SHOPS,   AND   of  MiLK-YESSBLS. 

.15.  Cleanliness  of  Milk-siores  and  Miik'sMopt, — £very 
occupier  of  a  milk-store  or  milk-shop  shall  cause  every  part  of 
the  interior  of  such  milk-store  or  milk-shop  to  bo  thoroughly 
cleansed  from  time  to  time  as  often  as  may  be  necessary  to 
maintain  such  milk-store  or  milk-shop  in  a  thorough  state  of 
cleanliness. 

16.  Cleanliness  of  Milk-vessels.  —  (1)  Every  cowkoopor 
shall  from  time  to  time,  as  often  as  may  be  necessary,  cause 
every  milk  vessel  that  may  be  used  by  him  for  containing 
milk  for  sale  to  be  thoroughly  cleansed  with  steam  or  dean 
boiling  water,  and  shall  otherwise  take  all  proper  prooautiunH 
for  the  maintenance  of  such  milk- vessel  in  a  constant  state  of 
cleanliness. 

(2)  He  shall,  on  every  occasion  when  any  such  vohhoI 
shall  have  been  used  to  contain  milk,  or  shall  have  boon 
returned  to  him  after  having  been  out  of  his  possossion,  cauHo 
such  vessel  to  be  forthwith  so  cleansed. 

For  prescribing    Precautions  against  Infection 
OR  Contamination  of  Milk. 

17.  (1)  Every  purvej'or  of  milk  or  person  selling  milk  by 
ret  iil  shall  take  all  reasonable  and  proper  precautions,  in  and 
in  connection  with  the  storage  and  distribution  of  the  milk, 
and  otherwise,  to  prevent  the  exposure  of  the  milk  to  any 
infection  or  contamination. 

(2)  He  shall  not  deposit  or  keep  any  milk  intondod  for 

sale — 

(a)  in  any  room  or  place  where  it  would  be  liablo  to 
become  infected  or  contaminated  by  impure  air.  or  by  any 
offensive,  noxious,  or  deleterious  gas  or  substance,  or  by 
any  noxious  or  injurious  emanation,  exhalation,  or 
efflu\num;  or 

(b)  in  any  room  used  as  a  kitchen  or  as  a  living 
room;  or 

(e)  in  any   room  or  building,  or  "parV  ol  «l  \>\w\^^^\^-» 
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communicating  directly  by  door,  window,  or  otherwise 
with  any  room  used  as  a  sleeping  room,  or  in  which  there 
may  be  any  person  suffering  from  any  infectious  or  con- 
tagious disease,  or  which  may  have  been  used  by  any 
person  suffering  from  any  such  disease  and  may  not  have 
been  properly  disinfected ;  or 

{d)  in  any  room  or  building  or  part  of  a  building 
in  which  there  may  be  any  direct  inlet  to  any  drain. 

(3)  He  shall  not  keep  milk  for  sale,  or  cause  or  suffer  any 
such  milk  to  be  placed,  in  any  vessel,  receptacle,  or  utensil 
which  is  not  thoroughly  clean. 

(4)  He  shall  cause  every  vessel,  receptacle,  or  utensil  used 
by  him  for  containing  milk  for  sale  to  be  thoroughly  cleansed 
with  steam  or  clean  boiling  water  after  it  shall  have  been  used, 
and  to  be  maintained  in  a  constant  state  of  cleanliness. 

(5)  He  shall  not  cause  or  suffer  any  cow  belonging  to  him 
or  under  his  care  or  control  to  be  milked  for  the  purpose  of 
obtaining  milk  for  sale — 

(a)  unless,  at  the  time  of  milking,  the  udder  and  teats 
of  such  cow  are  thoroughly  clean ;  and 

(&)  unless  the  hands  of  the  person  milking  such  cow, 
also,  are  thoroughly  clean  and  free  from  all  infection  and 
contamination. 

Penalties. 

18.  Every  person  who  shall  offend  against  any  of  the 
foregoing  regulations  shall  be  liable  for  every  such  offence  to 
a  penalty  not  excetding  Jive  pounds^  and  in  the  case  of  a 
continuing  offence  to  a  further  penalty  not  exceeding  forty 
shillmgs  for  e-dch  dsiy  niter  written  notice  of  the  offence  from 
the  Council. 

Provided,  nevertheless,  that  the  Justices  or  Court  before 
whom  any  complaint  may  be  made  or  any  proceedings  may  be 
taken  in  respect  of  any  such  offence  may,  if  they  think  fit, 
adjudge  the  payment  as  a  penalty  of  any  sum  less  than  the 
full  amount  of  the  penalty  imposed  by  this  regulation. 

The    Public   Health  (L.oiidoii)    Act,    189t, 

forms  a  sanitary  code  for  London,  and  includes  (with 
many  important  additions  and  amendments)  the  main 
provisions  of  the  Public  Health  Acts  and  the  Infectious 
Diseases  Notification  and  Prevention  Acts.  A  brief 
siunmary  of  the  pvinci\)al  points  of  divergence  from 
tlie  Acts  named  above  is  ai^^^x^^^^. 
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Water  supply.— Khs&acQ  of  proper  water  supply, 
or  of  proper  fittings,  is  held  to  render  a  house  unfit  for 
habitation.  A  new  house  must  not  be  occupied  until 
the  S.A,  grant  a  certificate  that  it  has  a  proper  water 
supply.  A  water  company  cutting  off  the  supply  of 
any  houBe  must  give  immediate  notice  to  the  S.A. 
For  closure  of  polluted  weUs,  etc,,  the  S.A.  have  only 
to  satisfy  the  Court  that  the  water  is  "  so  polluted,  or 
likely  to  be  so  j>olliited,  as  to  be  injurious  or  dangerous 
to  health." 

Closets. — A  new  house  must  have  "  one  or  more 
water-closets,  as  cii'cumatances  may  require,"  with 
proper  water  supply  and  trapped  aoil-pan,  and  other 
accessories.  The  same  applies  to  all  houses,  irreapee- 
tive  of  date,  under  notice  from  the  S.A.  Substitution 
of  privies  or  earth-cloaeta  is  only  permisaible  if  the 
available  sewerage  or  water  supply  is  insufficient  for 
A  water-closet.  Penalties  are  prescribed  for  (n)  wil- 
fully injuring  any  drain  or  closet  or  water  supply  in 
connection  therewith;  (6)  discontinuing  any  such 
water  supply  without  lawful  authority  ;  and  (c)  so  con- 
structing or  repairing  a  water-closet  or  drain  that  it  la 
a  ttuisauce  or  injurious  tu  health. 

Seaeenging. — The  S.A.  must  cleanse  streets,  foot- 
paths, cesspits,  earth-closets,  privies,  and  cesspools. 
They  must  remove  house-refuse  at  p  op  int  rvala  ■ 
and  trade-refuse  also,  if  required  to  do  s  on  paym  n 
They  may  undertake  the  collection  f  n  a  u  and 
other  refuse,  on  request ;   or  may,  bod  q     e 

periodical  removal  by  the  owner. 

Cellar  Dwellinys. — No  underground    oom  not  1  t 
or  occupied  separately  as  a  dwelling  befo  'e  January  1 
1892,  can  be  so  let  or  occupied,  uidess 

(a)  Every  part  is  seven  feet  high,  and  at  least  three 
feet  above  the  level  of  the  adjoining  ground  ;  but  if 
the  outside  area  is  six  feet  wide,  or  if  its-wvAt'iixa-Bsiv 
leas  thaji   tie  rfeptlj  of  the  ftoor  \>eW«  ^^a■aslSL^»'*'^ 
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then  only  one  foot  of  the  height  need  be  above  tiie 
gronnd'leveL 

(6)  Every  wall  has  a  damp-coun^  and  if  in  con- 
tact with  the  soil,  is  effectiudly  secured  from  damp 
from  the  soil. 

(e)  There  is  an  open  area  ontside  along  the  whole 
frontage,  four  feet  wide  in  every  part,  and  six  inches 
below  the  fioor^level  It  may  be  crossed  by  steps^  but 
not  opposite  a  window. 

(el)  The  area  and  the  soil  immediately  below  the 
room  are  effectually  drained. 

(6)  The  hollow  space  (if  any)  below  the  floor  is 
ventilated  to  the  outer  air. 

(/).  Any  drain  under  the  room  is  made  of  gas-tight 
pipe. 

ig)  The  room  is  effectually  secured  against  the 
rising  of  any  efBuvia  or  exhalation. 

(A)  There  is  proper  water-closet  and  ashpit  accom- 
modation. 

(%)  There  is  effectual  ventilation. 

ij\  There  is  a  fire-place,  with  chimney. 

(X)  There  are  one  or  more  windows  opening  di- 
rectly into  the  open  air ;  the  window-area  being  at 
least  one-tenth  of  the  floor  area,  at  least  half  made  to 
open,  and  in  each  case  opening  to  the  top. 

The  same  conditions  apply  to  underground  rooms 
occupied  separately  as  dwellings  before  January  Ist^ 
1892 ;  but  the  S.A.,  either  by  general  regulations 
or  upon  special  application  by  the  owner,  may  modify 
any  conditions  newly  imposed  by  this  Act  which 
involve  structural  alteration  of  the  building. 

Keeping  of  anvnuds. — Swine  must  not   be    kept 

within  forty  yards  of  a  street  or  public  place,  nor  be 

allowed  to  stray  in  any  public  place.     A  Court  may 

prohibit  the  keeping  of  any  animal  in  any  specified 

place  shown  to  be  \\n&t  lot  \Xkft  ^\«^ose. 

O^enaive  trades.— Soiv<&  ol  ^^  l^Q^^^asL^|^^ssa&*\^ 
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tabliabed  anew  in  London  : — Blood-boiling,  bone- 
boiling,  manure  manufacture,  soap-boiling,  tallow- 
Welting,  or  knacker's  yard.  Nor  any  of  the  following, 
Krithout  the  sanction  of  the  County  Council : — FeU- 
■onger,  tripe-boiling,  slaughtering  of  cattle  or  horses, 
pr  other  business  which  the  County  Council  may, 
^l»ith  the  approval  of  the  J^.O.B.,  add  to  the  list. 
iBIaughter-houses  and  knackers'  yards  must  obtain 
,  issued  by  tjie  County  Council,  lasting  for  one 
year  only,  but  renewable  at  the  discretion  of  theCounty 
^Council.     The  same  applies  to  cowsheds. 

Nolijication  is  compulsory.  The  medical  cer- 
ritdficate  must  state  the  patient's  full  name,  ])OBt.a] 
pddresB,  age,  aex,  whether  attended  in  public  or 
jrivate  practice  \  if  in  hospital,  the  date  of  admission, 
■9/aA.  the  place  from  which  brought.  The  M.O.H. 
liauBt,  within  twelve  hours  of  receipt,  send  a  copy 
of  the  certificate  to  the  Metropolitan  Asylums 
£oard,  and  another  to  the  head-teacher  of  the  schools 
4ittendcd  by  the  patient  or  by  other  inmates  of  the 
'Iiouse.  ITie  AsylumB  Board  must  furnish  to  the 
County  Council,  and  to  every  M.O.E,,  such  weekly 
returns  of  certificates  so  received  by  them  as  the 
County  Council  may  prescribe.  Any  B.A.  may,  with 
the  consent  of  the  L.G-.B-i  add  other  dangerous  in- 
fectious diseases  to  the  list,  temporarily  or  perma- 
nently, and  the  County  Council  have  like  power  for 
the  county  as  a  whole. 

JsolcUion.^A.  person  who  knows  himself  to  be 
t  .suffering  from  a  dangerous  infectious  disease  must  not 
^■.Uilk  any  animal,  or  pick  fruit,  or  engage  in  any 
^^IrasinesB  in  such  manner  as  to  be  Ukely  to  spread  the 
^LfUaease.  He  must  not  enter  any  public  conveyance,  nor 
^■:inU3t  any  other  person  place  him,  or  convey him,inaueh. 
^B^  Disit^clion.^Every  8. A.  must  provide  disinfect- 
^Ehig  apparatus. 
^■"       Mortuaries.  — Every  S. A,  must  ptoVvie  aTtt.avW'a.t:^  ■, 
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the  addition  of  a  room  for  post-mortems  is 
optional,  unless  ordered  by  the  County  Council.  The 
County  Council  may  provide  other  mortuaries  wherein 
bodies  may  be  kept  for  identification,  and  must  pro- 
vide proper  accommodation  for  inquests. 

Appointment  of  M.O.H  must  not  be  for  a  limited 
period  only.  It  is  not  terminable  by  the  S.A.  without 
the  consent  of  the  L.G.B.  The  M.O.H.  must  live  in 
his  district,  or  within  a  mile  of  the  boundary.  He 
must  be  qualified  as  stated  on  page  465. 

Sanitary  Inspectors  appointed  after  January  1st, 
1895  (if  they  have  not  held  office  as  sanitary  inspector 
during  three  consecutive  years  prior  to  that  date  in  a 
London  district  or  in  an  urban  district  outside  London 
with  a  population  of  not  less  than  20,000)  must  hold  a 
certificate  of  competence  granted  after  examination  by 
such  body  as  the  L.G.B,  may  from  time  to  time 
approve.* 

Default  ofS.A. — In  the  event  of  default  of  the  S.A, 
with  respect  to  the  removal  of  any  nuisance,  the  insti- 
tution of  any  proceedings,  or  the  enforcement  of  any 
bye-law,  the  County  Council  may  act  in  their  stead, 
and  recover  the  expenses  from  the  S.A.  If  the  Ij.G.B. 
are  satisfied,  upon  complaint  from  the  County  Council 
and  after  due  inquiry,  that  the  S.A.  have  made  default 
in  carrpng  out  any  part  of  this  Act,  they  may  order 
the  S.A.  to  perform  the  duty  within  a  specified  time ; 
and  if  this  is  not  done,  the  order  may  be  enforced  by 
mandamus,  or  the  Ij,G.B.  may  appoint  the  County 
Council  to  perform  such  duty,  at  the  cost  of  the  S.A, 

Bye-laws. — The  London  County  Council  must  make 
bye-laws — 

(1)  As  to  the  time  and  manner  of  conveying  ofien- 
sive  matters  by  road  or  water. 

(2)  As  to  the  closure  and  filling  up  of  cesspools 

*Snch  examinations  are  no-w  coivducleii  avv5iQ.<i\UUcates  issued  by  the 
-Slajiftary  Inspectors' Exa\mnaUoTvBoat4.  .     > 
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,(U)il  privies,  removal  and  disposal  of  refuse,  and  dutieB 
:of  houseliolders  in  facilitating  removal  of  house-refuse. 
(3)  As  to  water-closets,  earth-cloaets,  ashpits,  cess- 
ils,  and  receptacles  for  dung,  and  the  proper  acces- 
'ian.m  thereof  in  connection  with  new  or  old  buildings. 
They  -may  also  make  bye  laws  as  to  the  conduct  of 
oertain  offensive  trades,  the  buildings  in  which  they 
^are  carried  on,  and  the  mode  of  application  for  sanction. 
'J.'hese  trades  are  feljmonger,  tripe-boiler,  slaughterer 
_pf  cattle  or  horses ;  but  other  businesses  may  be  after- 
wards added  to  the  list. 

Every  Iiondon  8,A.  immt  make  and  enforce  h}  e- 
iawH  relating  to  nuisances  and  keeping  of  animals, 
louses  let  in  lodgings,  and  also  tlie  following  ;— 

(1)  For  the  prevention  of  nuisances  arising  fi-om 
offensive  matter  running  o\it  of  any  maniifactoi'y, 
brewery,  slaughter-house,  knacker's  yard,  butcher's  or 
fishmonger's  shop,  or  dunghill,  into  any  uncovered 

yi,  whether  enclosed  or  not. 

(2)  For  the  paving  of  yards  and  open  spaces  in 
connection  with  dwellings. 

(3)  For  secuiing  cleanliness,  and  fTOcdom  from 
pollution,  of  tanks,  cisterns,  and  other  receptacles 
of  drinking-water. 

(4)  For  maintaining  the  efficiency  of  flush  for 
■water-closets. 

The  8.A.  may  also  make  bye-laws  relating  to  siiip- 
borne  infectious  cases,  public  conveniences,  mortuaries, 
and  inhabited  tente  and  vans  (p.  566). 

Xlic  Londoa  Building  Act,  1894,  is  a  con- 
Bolidation  act  amending  various  enactments  relating 
to  streets  and  buildings  in  the  metropolis.  The  Act 
is  divided  into  an  introduction  and  fifteen  parts, 
dealing  with  the  formation  and  widening  of  streets, 
lines  of  building  frontage,  naming  and  numbering  of 
streets,  heights  and  construction  of  buildings,  tempo- 
rary, dangeroizs  and  neglected  Bttttcwtie^,  ^-j-w.'gis.. 
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^Tf.  ^^  <T&^^  dK  Xez,  wmaiLf  frsr  baxmocft.  as  Fe^mec 

//«viEtrwSM»  tft  mtwi^^xiff  an&  «>  lie  cx»coKd  b^  the 
V^0n0n^  ^>0i»tatfxhi ;  <»difti  jmr-  the  Acs  b  adminffitgied 
fcrr  tb«;  Ixtn^m,  OwntT  OmokiL 

TiMf   f Mfiuit   EMr    rwmU^Umm  Act.   lSf»7, 

r^|rf;r)*!ii  tlMt  jfsrwM  n^jnwiu^  for  lure  infuitB  for 
ih«  pOff^j'M;  ^4  m^ntenaace  nuat  gire  nofdoe  to  die 
Uff^mi  Mtthf/ritr  (m  I/ynd^m  tlK  Coontj  Comicil,  dse- 
wh^fTH  thf^  fVMirvJ  r^  GoardiaoSy  except  in  Soodand, 
wfMt^  ft  w  ih^  Parish  Coancil),  famish  |Muticii]an» 
and  trtfbfioit  to  inspectioii  and  supenrtsion.  The  local 
nat\u/nty  tm^j,  \fj  OrJer,  require  the  removal  of  such 
trrfant  to  a  workhouse  or  "place  of  safety,"  if  it  be 
k^f/t  in  premises  which  are  so  unfit  or  so  OTercrowded 
tiH  U)  endant^er  its  health,  or  if  it  be  kept  bj  persons 
nufii  to  care  for  it,  or  who,  bj  negligence,  ignorance 
or  r/ther  c^n%e,  endanger  its  health. 

Tli«»  i*tenmffim§;  #r  Per»OMS  Art,  189Y, 
^iv«;s  \ft}WHr  Ut  0.A.  to  provide  cleansing  fEunlities 
frtui  (ft  charge  (not  to  be  considered  as  parochial 
r#j|jef  or  charity)  to  persons  infested  with  vermin, 
f  ri  ])rfU'Xicji  such  cleansing  includes  a  bath  and  disin- 
UuilUm  of  clothes. 


WOKKSUOPB. 


IsciDENTAL  refereuoe  has  been  made  in  Chapters 
XVII.  aad  XVIII.  to  the  powers  and  duties  of  the 
S.A.  with  regard  to  industrial  premises.  Large 
additions  are  made  by  the  Factory  Act,  and  in  stat- 
ing these  it  will  be  convenient  to  refer  briefly  to  some 
of  the  leading  paints  in  industrial  hygiene,  and  to 
indicate  generally  the  division  of  reaponsibility 
between  the  local  and  central  authorities. 

The  Factory  and  Workshop  Acti  1901, 
which  applies  to  some  100,000  faotories  and  150,000 
workshops,  giving  employment  to  about  5,000,000 
workpeople,  is  administered  chiefly  by  H.M.  In- 
spectors of  Factories,  but  also  in  important  particulara 
by  the  S.&.  The  latter  are  charged  with  duties  as 
to  (1)  sanitation  of  workshops  (and,  in  certain  parti- 
culars, factories  also),  (2)  bakehouses,  (3)  home-work, 
and  (4)  means  of  escape  from  fire.  Many  of  these  fall 
to  the  M.O.H.,  upon  whom  are  placed  further  duties 
of  reporting, 

f'acloriei  include  (1)  all  places  in  which  mechnaical  power 
ii  used  in  aid  of  the  manufacturing  pmceaa,  and  (2)  tlie 
foUiiwing,  whether  power  be  used  or  not  -.—print  vmrki, 
lileachitig  and  dyeing  v)orkt,  earthenicare  tuorti,  luci/tr  match 
mrrit,  pirciaiun-cup  morkt,  cartridge  worku,  paper-tlaiaiag 
uorki,  fustian- cutting  works,  blast  fiirnacea,  copper  raills,  iron 
nillt,  feimdri/)!,  metal  and  irulia-rv/iber  tcorte,  paper  milla,  glaes 
WDrka,  tobacco  factories,  iDttorprosB  printing  works,  book- 
binding works,  flax  Boutch  mills,  eliclriail  italiimi.  Thoau  in 
itolicn  are  techcicnl  expressiona,  dsBned  in  Iha  Act. 

A  tenement  factory  ia  one  in  which  mechanical  power  is 
supplied  to  different  party  of  the  name  building  occupied, 
by  different  persona  for  tho  purpose  of  imy  tna.iv\\\iuiVm\i\% 
handicraft  in  such  manner  tWt  tAvJStt  igB.'rt*  ma.- 
iWHCpirnte  factories.  ""^^^I 


54^         Hygiene  and  Public  Health,   [Chap.  xix. 

Workshops  include  (1)  the  following,  unless  they  are  factories 
by  reason  of  use  of  mechanical  power : — hat  works,  rope  worksy 
bakehouses  ('*  any  places  in  which  are  baked  bread,  biscuits,  or 
confectionery  from  the  baking  or  selling  of  which  a  profit  is 
derived "),  lace-warehouseSy  shipbuilding  yards,  quarries^  pit- 
banks  of  metalliferous  mines,  dry-cleaning  works,  carpet- 
beating  works,  and  bottle-washing  works. 

(2)  Premises  (not  being  factories)  in  which  manual  labour 
is  exercised  by  way  of  trade  or  for  purposes  of  gain,  in  or 
incidental  to  the  making,  altering,  repairing,  ornamenting,  fin- 
ishing or  adapting  for  sale  of  any  article,  if  the  employer  has 
the  right  of  access  or  control. 

(3)  Tenement  workshops :  that  is,  workplaces  in  which,  **  with 
the  permission  of  or  under  agreement  with  tne  owner  or  occupier, 
two  or  more  persons  carry  on,any  work  which  would  constitute 
the  workplace  a  workshop  if  the  persons  working  therein  were 
in  the  employment  of  the  owner  or  occupier.'* 

There  may  be  several  distinct  factories  or  workshops,  each 
comprising  one  or  more  rooms  in  different  occupation,  in  the 
same  building,  which  may  also  be  used  for  dwelling  or  other 
purposes. 

Domestic  factories  and  domestic  workshops  are  those  carried 
on  in  private  houses  without  use  of  mechanical  power,  where 
the  only  persons  employed  are  members  of  the  same  family 
dwelling  there.  If  any  work  certified  by  the  Home  Secretary 
to  be  dangerous  is  carried  on  they  are  treated  as  ordinary  fac- 
tories and  workshops  :  otherwise  they  are,  so  far  as  sanitation 
is  concerned,  treated  as  ordinary  workshops^  except  that  the  re- 
quirements as  to  general  ventilation  and  drainage  of  floors  do 
not  apply. 

The  following,  if  carried  on  under  conditions  which 
would  otherwise  make  the  premises  a  domestic  workshop,  are 
exempted. 

(1)  Straw-plaiting,  pillow-lace  making,  glove-making. 

(2)  Work  done  at  irregular  intervals  and  not  furnishing  the 
principal  means  of  living  to  the  family. 

Men's  workshops  (those  in  which  only  males  over  18  are 
employed)  are  exempted  from  several  of  the  provisions  of  the 
Act,  including  those  relating  to  general  ventilation,  temperature, 
drainage  of  floors,  sanitary  accommodation,  lavatories,  fans  for 
removHl  of  dust  or  fumes,  and  means  of  escape  from  fire. 

Crown  factories  and  workshops  are  excluded  from  the  juris- 
diction of  the  S.A. 

Workplace  is  not  dcRncd,  but  has  a  wider  meaning  than 
woikshop,  and  has  "been  Yic\d  Vo  moXw^^  vvw^  ^\ara  where  people 
assemble  together  to  do  v/orV  ^ermwi^iiW.^' \  e.g.  '?).^\«sS^^  ^^\ 


where  men   were   enipl^ij'ed   us  cab-elcTtners    aiid 

lo   workshops  and  workplaces  th«  S.A.  are  pri- 

.rily  responsible  for  enforcing  sanitary  requirements 

I  generally,  and  means  of  escape  from  fire;  and  tbeir 

I,  officers  liave  the  same  powers  of  entry,  inapeotion,  and 

)  legal  proceedings  as  Inspectors  of  Factories.     Certain 

}'  sanitary  requirements,    however,    more    particularly 

'   thoi^e  relating  to  temperature,  fans  for  remopal  of  dust 

and  fumes,   nad  those  arising  under  the  Factory  Act 

(as  distinguished,  from  the  powers  of  the  S.A.  under 

the  P.H.  Acta)  with  regard  to  sanitary  accommodation, 

are  enforced  by  the  Factory  Inspectors.     The  S.A. 

are  required   to  keep  a  register  of  all  workshops  in 

their  district     It  the  U.O.H.  finds  any  woman,  young 

person,  or  child  employed  in  a  workshop  in  which  no 

abstract  of  the  Factory  Act  is  affixed,  he  is  required 

to  inform  the  Factory  Inspector.     The  occupier  of  a 

new  factory,   workshop  or  laundry  must  notify  the 

Factory  Inspector,  wlio,  in  the  case  of  a  workshop, 

forwards  the  notice  to  the  S.A. 

In  Jaolories,  sanitation  generally  is  enforced  by 
the  Factory  Inspector,  not  by  the  B.A.,  but  the 
latter  deal  with  means  of  escape  from  fire  (in 
London  this  rests  with  the  County  Council),  and  sani- 
tary acfommodation  (under  tlie  P.H.  Acts  only),  and 
have  special  duties  in  connection  with  bakehouses  and 
domestic  factories. 

'  act  or  dofniilt,  pimiahable  or  reiuedinlilo  under  the 
I  P.H.  Acts  but  not  under  the  Factory  Act,  ia  found  by  the 
'  Pactury  IiiBpactor  in  a  factory  or  wuikshop,  he  ia  to  report  it 
I  ^  the  S.A.,  who  niuat  make  Enquiry,  bike  such  aetion  as 
I  may  aeem  proper,  and  inform  the  Factory  Inspector  what 
I  itia  been  done.  If  prococdinga  ore  not  taken  by  the  B,A, 
li  within  a  month,  tha  Factory  Inapeetor  may  institute  proceadinga 
[  in  default,  and  recover  from  the  8.A,  any  ei^jCTuffa  luA.  t*- 
r  oovert'd  from  other  persons,  and  not  incunreiv 
^procoeiHn^^.      It  tha   B  A,  fail  geneitiWy  W  ' 
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duties  with  regard  to  factories,  workshops  or  workplaces,  the 
Home  Secretary  may  authorise  ths  Factory  Inspector  to  act 
in  default  for  a  specified  period,  and  the  expenses  not  recovered 
from  other  persons  jnay  be  recovered  from  the  S.A. 

The  M.O.H.  is  required  in  his  Annual  Report  to 
report  specifically  upon  the  administration  with  regard 
to  workshops  and  workplaces,  and  to  send  a  copy  to 
the  Home  Secretary.  A  table  issued  by  the  L.G.B. 
for  the  guidance  of  the  M.O.H.  includes  the  items 
calling  for  statistical  record. 

Outside  the  Factory  Act  (which  is  directed  to  the  protection 
of  the  workers),  the  S.A.  are  concerned  with  certain  factories 
and  workshops  on  public  health  grounds,  as  sources  of  smoke, 
poisonous  fumes,  trade  effluents ;  as  places  where  offensive 
trades  or  food  manufacture  needing  control  are  carried  on ;  as 
new  buildings  needing  approval  of  plans,  or  old  buildings  in  a 
dangerous  state ;  or  more  indirectly  as  places  in  which  infection 
may  be  spread  from  one  person  to  another,  or  (as  in  laundries) 
infected  articles  may  be  handled. 

Nor  are  these  the  only  points  claiming  the  attention  of  archi- 
tects, builders,  and  S.A.'s  in  connection  with  plans  fornewfac;- 
tories  and  workshops.  Others  are  strength  of  foundations  and 
structure  generally  where  heavy  machinery  is  to  be  fixed  ; 
means  of  escape  from  fire ;  sanitary  accommodation.  Others, 
again,  are  the  statutory  requirements  as  to  air  space,  ventilation 
and  warming  ;  the  surfaces  of  walls  and  ceilings  must  be  such 
as  to  admit  of  due  cleansing,  and  the  proper  construction  of 
floors  (soundness,  impermeability,  slope,  drainage)  is  of 
importance  in  certain  processes.  In  certain  dangerous  trades 
additional  structural  requirements  arise,  and  in  some  the  plans 
have  also  to  be  approved  by  the  Chief  Inspector  of  Factories. 

Cleanliness. — Workshops  and  workplaces  must 
be  kept  in  a  cleanly  state  ;  and  a  workshop,  or  any 
specified  part  thereof  (in  London,  a  workplace  or 
domestic  factory  also),  must  be  liraewashed,  cleansed,  or 
purified  when  so  required  by  notice  from  the  S.A.  on 
certificate  of  the  M.O.H.  or  Sanitary  Inspector  that 
it  is  necessary  for  t\\e  Vvealth  of  the  workers. 

Factories   must  be  kep^.  \xva.  c\.^%.t\^   ^\».^  and 
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(subject  to  certain  exceptions)  either  {n)  limewaHhed 
every  14  months,  or  (6)  painted  with  oil  or  vaniiahed 
eveiy  7  years,  and  washed  with  soap  iind  hot  water 
every  14  months. 

For  tile  cleatiing  of  floors,  et«.,  damp  processes  are 
preferable,  as  checking  the  production  of  dust. 

Air- space.— Factories,    worksliops     and    work- 
places must  not  be  so  overcrowded  as  to  be  dangerous 
or  injurious  to  the  health  of  the  workers,  and  there 
must  be  at  least  250*  c.f.  of  air-space  for  each  worker,    i 
The  air-s|.iace  of  each  worki'oom  must  be  stated  iu  a    , 
notice  affixeJ  in  the  works. 

A  much  larger  air-apace  is  required  in  certain 
dangerous  trades,  and  in  works  where  certain  special 
exceptions  are  permitted — e.g.  in  match  factories  in 
which  yellow  phosphorus  is  used  the  minimum  is 
400  c.f,,  and  height  above  1 4  feet  is  not  counted,  and  in 
engineering  works  exemption  from  routine  annual 
limewashing  is  allowed  if  the  air-space  be  2,600  c.f. 
per  head. 

General  Ventilulion  must  be  efficient  in 
every  workroom  of  a  factory  or  workshop  (other  than 
a  men's  workshop),  and  any  standard!  lixed  by  tlie 
Home  Secretary  must  be  observed. 

I  Air  samples  are  usuiitly  taki^a  at  tha  brenthing  level,  at 
points  where  wock  ia  carried  on,  and  not  in.  Bstrame  comers  or 
near  to  inleta  or  outlets,  or  close  to  persoua  or  to  eources  oF  CUg. 
Id  breweriea,  agrated  water  factories,  bakshouBeB,  etc.,  ivhers 
COj  ia  ^ven  oS  by  trade  procesaeB,  allowance  bue  to  be  made ; 
and  Bimilarly  wlu^re  aitiScial  lighting  yiDlda  CO;.  Ah  a  rule 
it  is  well  to  make  a  parallel  determiDatiDii  in  the  open  air. 
Mechanical  ventilafion  by  fana  may  be  either  00  the  pleuum 
or  vacuum  system.  The  niunber,  position,  dimensiona  and 
speed  of  the  fans  are  mattets  requiring  expert  knowled;^ ;  as 
a  rule  better  lesnUa  Hie  obtained  by  large  fana  moving  slowly 
between  S  n.ni.  imd  e  ■.m.  Id  otW  bskxhoascs  with  l^ht  other  'tban 
electric.  4Wln  wdrkabaiut(nntdo[nealit}aBedii]si)M  s'  
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than  by  small  fans  at  a  high  speed.  Plenum  is  on  the  whole 
preferable,  and  offers  facilities  for  warming,  screening  or 
humidifying  the  air  when  necessary.  Exhaust  ventilation 
calls  for  care  in  guarding  against  indraught  through 
closets  or  other  unsuitable  channels.  Paddle  fans,  which 
chum  the  air  without  changing  it,  are  not  to  be  regarded 
as  means  of  ventilation,  though  the  currents  they  cause 
may  promote  evaporation,  and  thus  have  some  cooling 
effect.  If  reliance  is  placed  on  "  natural*'  ventilation  (whether 
by  chimneys,  open  windows  and  doors,  ventilators  or  shafts), 
supervision  becomes  necessary,  especially  in  cold  weather.  In 
any  case  care  should  be  taken  to  secure  ventilation  of  all 
parts  of  the  room,  to  avoid  short-circuiting^  and  direct  draughts 
upon  workers,  and  to  provide  adequately  for  both  inlets  and 
outlets. 

liOcal  ventilation,  for  reDioval  of  dust,  gases, 
vapours  or  other  impurities  generated  in  the  course  of 
work,  which  are  a  nuisance  or  injurious  to  health, 
must  be  such  as  to  render  them  harmless  as  far  as 
possible. 

Usually  this  involves  exhaust  ventilation,  applied  at  or  near 
the  point  of  origin;  and  fans  (or  other  efficient  mechanical 
means)  for  the  purpose  are  prescribed  in  certain  dangerous 
processes,  and  can  be  required  by  the  Factory  Inspector  in 
others.  Exhaust  ventilation  may  sometimes  be  secured  by  con- 
nection with  flues  or  other  heated  shafts,  but  in  general  fans  are 
required  and  need  careful  planning.  The  essentials  are  that  the 
dust  or  fumes  should  be  intercepted  as  near  as  possible  to  their 
source,  and  carried  away  from  the  workers,  without  entering  the 
general  air  of  the  room  :  that  the  draught  should  be  adequate 
for  the  purpose,  and  guided  where  necessary  by  hoods  :  and  that 
the  air-ducts  should  be  kept  clean  and  discharge  at  a  suitable 
point,  preferably  in  a  closed  dust-chamber.  As  a  rule  a  down- 
ward draught  is  best,  since  it  carries  away  the  dust  more 
readily.  The  efficiency  of  exhaust  can  be  tested  by  anemometer, 
or  by  smoke,  light  dust,  or  fumes  of  ammonium  chloride. 
In  some  instances  standards  are  fixed,  in  terms  of  sectional 
area  of  openings  and  velocity  at  given  points. 

Other  measures  are  the  use  of  closed  chambers  or  boxes, 

and  as  regards  dust  the  adoption  of  wet  processes,  handling 

the  dusty  materials  over  gratings  through  which  the  dust  can 

faii,  cleanliness  of  premiaoa  'aiv*\  ^oo\%,  and  the  use  of  overalls. 

Aii  a  last  resource  xeai^itatoa  mvj  ^i^  ^^vi^\.^^,  ^•s.^^Qeially 
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where  the  occupatioo  ia  internittteiit,  but  there  in  difficulty  ia 
enforinug;  the  ayateuiatic  uas  of  them,  and  moat  of  them  eDtuii. 
some  phyeicdl  dificomfort  if  varn  for  iong  perioda  or  in  heavy 
work.  The  esseutiaU  in  a  respirutor  are  that  it  should  be  light, 
simple,  inexpensive,  the  filteriog  material  readily  renewed  or 
cleaned;  that  it  should  be  oa  little  unsightly  as  poasible;  that 
it  ehould  arreet  all  dust,  filter  the  whole  of  the  inspired  air, 
and  prevent  the  rebresthing  of  expired  air ;  and  that  it  should 
offer  the  minimum  rusistanee  to  the  free  passage  of  air  without 
lespimtory  effort,  and  without  becoming  obstnicted  in  use  by 
moisture  from  the  breath.  A  fold  of  cambric  covuring  the 
month  and  nostrils  is  an  efficient  aimple  respirator.  Many 
elitbonite  forms  tail  when  tried  under  the  actual  com^tions  of 
the  work  for  which  they  are  proposed. 

Some  Idnda  of  dust  are  directly  infective,  e,j.  anthrax, 
tetanus,  small- pox  (among  ras-sortars  in  paper  works 
Rnd  olsewherQ) ;  others  poisoaous  (e.g.  lead,  mercury] ;  and 
others,  again,  mechanically  injurioul  in  varying  degree.  Simi- 
larly the  wide  variety  of  gases,  tumea  and  vapours  which  arise 
in  nuinufactuiing  prgceaaea  and  require  removal  include  many 
which  ur&  directly  poisoiiovis  {e.g.  CO,  CSj,  H^S,  SOj,  chlorine, 
nitrous  and  other  acid  fumes,  AsU,:  lead,  zinc  and  mercury 
fames],  and  some  which  are  hajmful  in  other  ways  {e.g.  ateani) 
or  offensive  (orgaoio  effiuvla). 

Explosion  may  arise  from  ignition  of  inHammable  dust  or 
fumes  mi>((id  with  air :  e.g.  ordinary  goa,  marsh  gas  (in  coal 
mines],  naphtha,  coal  dust,  or  celluloid  borings. 

Tempflrature.— In  every  workroom  of  a  factory  or 
workshop  provision  must  he  ranAn  for  securing  a  reasonabla 
temperature,  and  without  interfering  wiUi  the  purity  of  th« 
air  of  the  room.  This  requirement  is  unforced  by  the  Factory 
Inspector.  Gas  jets  cannot  bo  accepted  aa  means  of  warrning, 
nor  must  the  ventiUtors  he  claaed,  Flneieas  stoves  ore 
objectionable,  owing  to  the  risk  of  adding  sulphur  compounds, 
CO,  and  other  impurities  to  the  air. 

As  a  lower  limit  60"  F,  is  suitable  for  sedentary  occupations 
involving  little  exeiiion,  but  active  work  con  be  carried  on, 
indoors  ns  well  aa  in  the  open  air,  at  lower  temperatures.  The 
upper  limit  ia  not  easily  defined,  since  in  certain  processes  a 
high  temperatnre  ia  a  trade  necessity,  wliile  in  others  it  is  only 
accidentaJ  {e.g,  from  use  of  furnaces,  consumption  of  gas, 
moving  machinery,  steam  pipes),  and  calls  for  preventive  mea- 
sures such  as  free  ventilation,  screening  off  sources  of  heat, 
"lagging"  of  hot  pipes  and  reducing  their  dimensions  as  tar 
as  practioable.  In  humid  cotton  cluth  tiv,\.tmQ»  'Ooii  ■^esfc^^^eA. 
precutitiona  of  [lie  kind  includu  wUite^aa^vraa;  "A  "Cwa  tw^  ™ 


552        Hygiene  and  Public  Health,    [Chap  xix. 

summer,  and  it  is  forbidden  to  raise  the  temperature  artificially 
above  70°  F.,  except  so  far  as  is  necessary  in  humidifying. 

If  the  air  be  dry  enough,  high  temperatures  can  be  borne, 
but  as  a  matter  of  health  as  well  as  comfort  high  wet-bulb 
temperatures  are  to  be  avoided  as  far  as  possible,  especially 
where  the  work  is  hard. 

Humidity  is  expressly  regulated  in  humid  textile  factories 
generally,*  a  limit  being  fixed  for  each  dry-bulb  degree  :  88  % 
from  59^  to  TO*',  decreasing  thenceforward  to  775  %  at  80", 
69  %  at  90®,  and  64  %  at  100®.     In  certain  textile  processes, 
however,  a  difference  of  2**  between  wet  and  dry  bulb   is 
accepted  at  all  temperatures.    Hygrometers  must  be  affixed  in 
each  room,  and  (except  in  cotton  spinning)  records  kept  of  two 
(in  cotton  cloth  factories  three)  daily  readings  at  [7  to  8  a.m.], 
10  to  11  a.m.,  and  3  to  4  p.m.     The  water  used  for  humidi- 
fication  must  either  be  taken  from  a  pure  source  or  be  effec- 
tively purified ;  a  water  which  gives  off  offensive  gases  of  any 
kind    on  heating,   or  which  absorbs  from  acid  solution   of 
KMn04  at  60"  F.  in  2  hours  more  than  0*5  mjrr.  of  oxygfen, 
maybe  regarded  as  unsuitable.  In  moist  air  the  clothing  becomes 
damp,  and  warmed  ventilated  cloak-rooms  are  obligatory  in 
new  humid  cotton  weaving  factories. 

Steam  in  excess  arises  incidentally  in  laundries,  dyehouses, 
etc.,  and  can  be  removed  by  exhaust  ventilation  or  by  intro- 
ducing hot  dry  air. 

Iji|2:hting  is  only  regulated  by  the  Factory  Act  as  regards 
underground  bakehouses  (p.  556)  and  in  certain  dangerous 
trades.  For  artificial  lighting  electric  light  or  ventilated  gas 
burners  are  preferable,  as  they  do  not  add  to  the  impurity  of 
the  air  or  call  for  additional  ventilation. 

Floors  have  to  be  sound  and  impervious  for  the  purpose  of 
certain  dangerous  processes,  and  to  be  drained  in  wet  processes 
generally  (except  in  men's  workshops)  and  especially  in  factory 
laundries. 

Sanitary  Accommodation  is  enforced  by 
S' A.'s  in  both  factories  and  workshops,  in  London  and 
where  s.  22  of  the  P.  H.  Acta  Amendment  Act  of  1890 
is  in  force  (p.  500).  Elsewhere  the  S.A.  have  other 
powers  under  s.  38  of  the  P.H.  Act,  1875;  but  s.  9  of  the 
factory  Act  also  applies,  and  the  administration  of 

*  .Spinning  and  weaving  iaclot\e^\Y\\N\\\e\\U\<?,  air  is  artificially  humi- 
tUttcd  by  steam  jets  or  othevwxae,  \v\  ot^V^^t  to  viwx^^iX,  V\\^  ^x^jwess  of  the 
air,  wliich  beyond  a  certain  V\\ml\\\leY^ft^e^NN\VX\Vv\vi\xevA\\m\\,<.^^ 
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this  (and  of  the  order  which  interprets  it)  resta  with 
ttie  Factory  Inspector  alone. 

Rutory  and  Workthop  Act,  \^al :  1.9.  "(a).  Every  factory 
Mtd  worlialiop  must  be  provided  with  sufficient  and  suitable 
accommodatioD  in  the  way  oE  saoitary  coavenienceB,  regard 
geing  had  to  ths  number  of  persons  employed  or  in  attendanca 
lU  the  factory  or  workshop,  and  alau  where  persona  of  both 
e  intended  to  be  employed  or  in  attendance, 


|r  lufficient  and  suitable  accommodation  witliiii  the  meaning  of 
ifiua  Btction." 

Saniiary  jiscOMimdalien  Order  of  February  iih,  1903. 
'  In  purauance  of  Section  9  of  the  Factory  and  Workabop 
'int,  1901, 1  hereby  determine  that  the  accommodation  in  tho 
'Vay  of  sanitary  convenioDcea  provided  in  a  factory  or  workshop 
■Ihall  be  deemed  to  be  sufficient  and  suitable  within  the  meaninft 
taf  the  said  seetioD  it  the  following  conditions  are  complied  with. 
Ud  not  otherwise  :— 

I  "  1.  In  factories  or  workshops  where  (emaloi  are  employed 
or  in  attendance  there  shall  be  one  sanitary  oonveniecoe  for 
'vvory  35  females. 

"In  factories  or  worirahopa  where  malea  are  employed  or  in 
Attendance  there  shall  he  one  sanitary  convenieni^  tor  every  25 
.■bales ;  provided  tha.t — 

.  (s)  in  factories  or  workshops  where  the  number  of  males 
, ,  employed  or  inatteudance  eiceeda  100,  and  sufficient 

nrinal  accommodation  is  also  provided,  it  shall  be 
auffii-isnt  it  there  is  ono   sanitary   eouvunience  tor 
every  25  males  up  to  the  first  100,  aaii  one  for  every 
10  after ; 
i)  in&cf^riea  or  workivhops  where  the  number  of  males 
employed   or   in   attendance   eiceeda    600,    and    the 
District  Inspector  of  Factories  cectiQes  in  writing  that 
by  means  of  a  check  system,  or  otherwise,   proper 
supervision  and  control  in  regard  to  the  use  of  the 
conveniences    are    exercised    by     officers     specially 
appointed  for  that  purposu,  It  shall  bo  sufficient  if  one 
sanitary  convenience  is  provided  for  every  60  males, 
in  addition  to  sufficient  urinal  accommodation, 
certificate   given   hy   an    Inspector    shall    b4 
nttnched  to  the  general  ceginter,  and  shall  h 
at  any  time  to  be  revoked  by  notice  in  vniiis 
the  Inspect'.  I, 
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<'In  calculating  the  number  of  conveniences  required  by 
this  order,  any  odd  number  of  persons  less  than  25,  40,  or  60, 
as  the  case  may  be,  shali  be  reckoned  as  25,  40,  or  60. 

"2.  Every  sanitary  convenience  shall  be  kept  in  a  cleanly 
state,  shall  be  sufficiently  ventilated  and  lighted,  and  shall  not 
communicate  with  any  work-room  except  through  the  open  air 
or  through  an  intervening  ventilated  space ;  provided  that  in 
work-rooms  in  use  prior  to  1st  January,  1903,  and  mechanic- 
ally ventilated  in  such  manner  that  air  cannot  be  drawn  into 
the  work-room  through  the  sanitary  convenience,  an  inter- 
vening ventilated  space  shall  not  be  required. 

"  3.  Every  sanitary  convenience  shall  be  under  cover  and  so 
partitioned  off  as  to  secure  privacy,  and  if  for  the  use  of 
females  shall  have  a  proper  door  and  fastenings. 

**  4.  The  sanitary  conveniences  in  a  factory  or  workshop 
shall  be  so  arranged  and  maintained  as  to  be  conveniently 
accessible  to  all  persons  employed  therein  at  all  times  during 
their  employment. 

**5.  Where  persons  of  both  sexes  are  employed,  the  con- 
veniences for  each  sex  shall  be  so  placed  or  so  screened  that 
the  interior  shall  not  be  visible,  even  when  the  door  of  any  con- 
venience is  open,  from  any  place  where  persons  of  the  other  sex 
have  to  work  or  pass ;  and,  if  the  conveniences  for  one  sex 
adjoin  those  for  the  other  sex,  the  approaches  shall  be 
separate. 

"  6.  This  order  shall  come  into  force  on  the  1st  day  of  July, 
1903. 

A.  Akers-Bouglas^ 
One  of  His  Majesty's  Principal 
Secretaries  of  State. 
*'  Home  Office,  Whitehall, 

4th  February,  1903." 

Lavatories  are  required  where  any  poisonous  substance  is 
used.  For  certain  dangerous  trades  details  are  prescribed,  e.r/. 
that  there  shall  be  soap,  nailbrushes,  towels,  and  at  least  one 
basin  (with  water  supply  and  waste  pipe)  for  every  6  persons. 
In  some,  baths  also  are  required.  Cloak-rooms  are  obligatory 
in  new  humid  cotton  cloth  factories,  and  where  certain  danger- 
ous trades  are  carried  on. 

In  certain  rooms,  e.g.  where  poisonous  substances  are  so  used 
as  to  give  rise  to  dust  or  fumes,  it  is  forbidden  to  take  food  or 
to  remain  during  meal  hours,  and  accommodation  for  meals 
must  be  provided  elsewhere  on  the  premises. 

Tho  dingers  to  health.  agam?.\, >n\v\c\v  the  above  provisions 
are  directed"ire  obvious,  "but  th^ic^  ^^^,  ^^  Q,Q\M^^,xsy»sv<5  ^\Jcv^v^ 


r 


i.  XIX.1     Means  of  Escape  From  Fihe.       555 

□f  a  different  kind,  not  licaited  to  employment  under  the 
Factory  Act.  Thus  coal  minera  are  liable  to  iiyHtagmns  from 
workins;  in  conBtrained  positiooB,  and  to  "  beat  hand  "  and 
"heat  knee"  (chronic  inflammation  due  to  local  preasure] ; 
men  working  in  compresfled  air  to  "  oai^on  diBease  "  it  care  be 
not  taken  to  passalowly  from  higher  to  lower  prosButes,  through 
air-lockB.  writer's  cramp,  houaemaid's  knee,  the  amphyjeraa, 
of  pnrformem  on  wind  instTumentn,  are  other  examples.  Hernia 
or  unouriam  may  he  detetmined  by  violent  eiortion;  earrj-ing 
unduly  heavy  weights  is  injurious,  and  ia  indirectly  prohibited 
as  regards  giiis  under  IB  as  a  condition  of  apeeiul 
eseeption  bs  to  hours  in  fruit  preserving.  SiRht  may  suffer 
from  Btrain  in  fine  work  in  inadcquato  light.  Habitual  expo- 
sure to  weather  in  open-air  occupatiouB,  and  violent  alter- 
nations of  temperature  in  connection  with  fomacHB  or  otherwise, 
prefect  dangers  of  Uieir  < 

meansof  EscRp«  from  Fire — Factories  built 
after  1S91  and  workshops  built  after  1896,  must,  if  m 
than  40  persons  are  employed,  have  a  certificate  from 
the  S.A.  as  to  reasonable  adequacy  in  this  respect, 
specifying  in  detail  the  means  provided.  In  older 
works  with  more  than  40  hand:'  the  S.A.  mnst  see 
that  reasonable  provision  is  made,  and  if  not,  muut 
require  the  owner  by  notice  to  carry  out  specified 
details  in  a  specified  time  :  Any  dispute  to  he  settled 
by  arbitration.  The  whole  of  a  tenement  factory  o 
tenement  workshop  is  counted  as  one.      The  SA., 

I  may,  subject  to  confimitition  by  the  L>G,B„  make 
byelawa  ns  to  means  of  escape  in  any  factories  or 
workshops.  In  London  these  dntiea  rest  with  the 
Cotmly  Council, 
irut 
pen 
tiie 
Alt. 


Doors  d(  woTkroomn  mast  not  during  working  honra  h 
[  irutened  so  aa  not  to  be  readily  opened  from  inside :  and  u 
I  works  huUt  after  1895,  doora  at  rooms  in  which  more  than  10 
I  peieons  are  employed  mnat  not  open  innards. 
1  Adequate  means  of  oscape  are  all  the  more  essential  where 
J  tiie  nature  of  the  manu^cttii'e  entails  epe<:ial  risk  of  fire. 
1.  Alternative  paths  of  escape  arc  desirable  (since  the  main  line  of 
'lo  readily  involved  in  the  fire)  espeoinlly  where  large 
te  employed,  and  these  patha  ri\oi.\\4\ie  (^ivwm 
L  kept  rloar  ol  uniiecB8siiry  obBttuction. 
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IjatuidrieB  are  not  technically  factories  or  workshops,  but 
are  subject  to  the  same  requirements  under  the  Act  as  regards 
sanitation.  In  addition  in  factory  laundries,  (a)  fans  are  re- 
quired for  regulating  the  temperature  of  ironing-rooms,  and  for 
removing  steam  from  washhouses ;  (6)  stoves  for  heatine 
irons  must  be  sufficiently  separated  from  the  ironing-room,  and 
gas-irons  emitting  noxious  fumes  must  not  be  used ;  (c)  floors 
must  be  kept  in  good  condition  and  so  drained  as  to  allow  the 
water  to  flow  off  freely. 

Laundries  in  which  the  ooly  persons  employed  are  : 

(a)  Inmates  of  a  prison,  reformatory,  industrial  school 

or  other  institution  subject  to  inspection  imder  any  other 

Act,  or  [h)  inmates  of  a  religious  or  charitable  institution, 

or  (c)  members  of  the  same  family  dwelling  there, 

or  in  which  not  more  than  two  persona  dwelling  elsewhere  are 

employed,  are  exempted. 

Bakehouses  are  factories  or  workshops,  but  subject  to 
certain  special  requirements  as  below.  Hetail  bakehouses  are  work- 
shop bakehouses  in  which  the  articles  baked  are  sold  by  retail 
only  in  a  shop  occupied  therewith.  Underground  bakehouses  are 
those  in  which  any  room  used  for  baking  or  processes  incidental 
thereto  has  its  floor  more  than  3  feet  below  the  footway  of 
the  adjoining  street  or  ground  adjoining  or  nearest  to  the  room. 
If  a  bakehouse  is  on  sanitary  grounds  unfit  for  that  use, 
a  Court  may,  on  application  by  the  Factory  Inspector  or  S.A., 
impose  a  penalty  and  require  the  necessary  alterations  to  be 
made.  It  must  not  contain  or  communicate  directly  with  a 
closet,  nor  derive  its  water  supply  from  a  cistern  supplying  a 
w.c.  A  drain  or  pipe  for  carrying  off  fajcal  or  sewage  matter 
must  not,  have  an  opening  in  the  bakehouse  (thus  any  waste- 
])ipe  must  be  disconpected  outside).  The  walls  and  ceilings 
of  rooms,  passages  and  staircases  must  be  limewashed 
(^very  6  months;  or  receive  3  coats  of  oil-paint  or  varnish 
every  7  years,  and  be  washed  with  hot  water  and  soap  every 
6  months.  A  part  of  the  same  building,  on  the  same  level 
with  the  bakehouse,  must  not  be  used  as  a  sleeping-room 
unless  partitioned  off  from  floor  to  ceiling,  and  having  an 
external  glazed  window  9  square  feet  in  area,  4 J  of  which  is 
made  to  open. 

An  underground  bakehouse  must  not  be  used  as  such  unless 
[a]  it  was  so  used  on  August  17th,  1901,  and  further  {b)  the 
S.A.  has  certified  it  to  be  suitable  as  regards  construction, 
light,  ventilation  and  in  all  other  respects. 

'i7ie  administration  of  these  special  requirements  in  retail 

bakehouses  (in  London  m  a\\  >NOTk&\iOA^  Wkehouses),  and  the 

certification  of  undexgronxvOi  \i?vk^\\Q\x^^^,  x^^^.^  ^\Ccv.  \}^^^,fik.. 
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nspector  and  S.A.  hBVB  contiirretit 

^h  standard  ot  aanitution  is  needed  in  preinisee  where 

food  in  manufactured,  prepared,  cooked  or  etored  ;  incliidipg 
bakehouEea,  reBtaumnt  kitchena,  ice-creain  premiaea,  Ssh-BhopH, 
meat-bhopB,  preaerved  meat  worltfl,  uoDfettionery  worba, 
diiiriea  and  milk-shops.  The  following  suiumar}',  dtcectud 
primaril]'  tu  hakehuuaes,  may  eervu  to  indicate  generally  the 
chief  potnta  Beediog  attentiun. 

Surfaces  of  Honrs,  wsUn  aod  ceilings  to  be  hard,  smooth, 
durable  and  impervious. 

Floors  to  he  laid  to  proper  falls,  and  drained  hy  proper 
channels  to  a  gully  outside. 

WbUb  to  be  absolutuly  dry  ;  failing  this,  to  have  an  inner 
walL  at  least  ^-iiicb  thick,  tied  to  the  outer  wall,  hut  with  2-inch 
Tentilaled  and  drained  intervening  space. 

Any  di-ain  beneath  the  floor  to  be  gas  anil  watei-tight.  All 
IHpes  and  filtingB  to  be  efficient. 


Minimum  height  8  feet ;   minimum  ait-apaco  100  c.f.  per 
■JtMul  and  1,500  u.f.  inall,  cloir  of  ovens,  machinery,  and  stored 


[1    I"! 

H  ^  Efficient  lighting  ;  where  piacticahle  natural  light  only  ; 
■  'JUnongartifici^Ugbtaelectrii^iii  preferable,  ur  if  gas  is  necessary, 
B  Jncandeacenl  burnera  protected  from  duet  and  ventilated  to 
B  Mmove  fumes. 

^  VeutilaCioD,  by  ftin  if  neceasary  ;    ennurlng   constant   and 

■afficient  change  of  air  without  draushta,  a    '      ' 
ordinarily  eieeeding  60°  Y.,  or  811°  F. 
within  half-au-hour  after  "  drawing  "  an  t 

Oven  furnaces  Co  have  efficient  flues  to  carry  away  fumes. 

An  outlet  for  heat  and  steam  immediately  before  and  above 

the  oven  door.     Oven  doors  and  outer  dooia  of  turuaces  to  flt 

oloaely.     Proving  ovena  to  be  eflSciently  ventihited.     If  gas  ia 

used  for  beating,  means  of  removing  fumea.     Hoods  and  ducts 

leading  to  the  o!)en  air,  over  Htov«s  and  ranges. 

Strict  cleanhnesa  of  premiaes  and  appliances. 

Water  supply,  with  jet  and  hose,  tor  washing  floors  ;  ■ 

(if  any)  to  be  of  proper  conatruction,  with  dmit-tight  i-'uvers,  ai 

kept  clean. 

Tables,  benches,  dough -troughs,  etc.,  to  be  freely  movable 

Any  nBcesaary  shelves  to  he  fised  2  inches  away  from  walls, 
but  unnecessary  woodwork  on  walla  to  be  avoidiid. 

Covered  metal  boxes  for  refuse. 

Suitable  proviaion,  outaide  the  workromn,  lot  ilum^  t^ 
materinlji  {miik.  in  cJeun  covered  v easels,  in  n.  cw^^io-ta"!  "■  ' 
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of  fuel ;   deposit   of  clothing  not  in  use ;   lavatory ;  sanitary 
accommodation. 

Home  irork  of  certain  kinds*  defined  by  order 
of  the  Home  Secretary  is  under  special  control.  The 
employer  must  keep  lists  of  the  names  and  addresses 
of  the  outworkers,  and  send  copies  to  the  S.A«  of  his 
district  on  or  before  February  1st  and  August  1st  of 
each  year,  in  a  prescribed  form.  If  any  such  addresses 
are  outside  the  area  of  the  S.A.,  particulars  of  them 
must  be  sent  by  the  S.A.  to  the  S.A.  concerned.  If 
the  home  premises  are  injurious  or  dangerous  to  the 
health  of  the  workers,  the  S.A.  may  prohibit  the 
employer  from  giving  out  work  to  be  done  there. 

If  an  inmate  of  the  house  is  suffering  from  a  notifiable 
infectious  disease  (even  if  he  has  been  removed)  the 
S.A«  may  by  order  prohibit  the  employer  from  giving 
out  work  to  be  done  in  that  house  or  in  any  specified 
part  of  it,  during  a  specified  term.  This  power 
applies  only  to  the  classes  of  work  named  in  the  first 
part  of  the  list.  In  emergency  it  may  be  exercised  by 
two  or  more  members  of  the  S.A.  on  the  advice  of  the 
M.O*H.  The  order  may  be  subject  to  conditions  as 
to  disinfection  or  other  precautions. 

In  case  of  scarlet  fever  or  small-pox,  an  employer 
giving  out  work  or  wearing  apparel  is  subject  to 
penalty,  apart  from  any  order  from  the  S.A.  as  above, 
unless  he  proves  that  he  was  not  aware  of  the  illness 
and  could  not  reasonably  have  been  expected  to 
become  aware  of  it. 

Industrial  Poisoning. — "Every  medical  prac- 

*  The  making,  cleaning,  washing,  altering,  ornamenting,  finishing,  and 
repairing  of  wearing  apparel  and  any  work  incidental  thereto  ;  the 
making,  ornamenting,  mending  and  finishing  of  lace  and  of  lace  curtains 
and  nets ;  cabinet  and  furniture  making  and  upholstery  work ; 
fur-pulling. 

The  making  of  electro-plate  ;  files  ;  iron  and  steel  cables  and  chains ; 
iron  and  steel  anchors  and  atapxnila ;  cart  gear,  Including  swivels,  rings! 
looY^^,  gear  buckles,  mi\\UnD\t8,YiooY*,wv(5LvOtX«LOK«v«v\AoUll  kinds;  locks, 
iatches  and  keyi*. 
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p'titioner  fttteuding  on  or  called  in  to  visit  a  patient 
whom  he  believes  to  be  suffering  from  lead,  phoa- 

;  phorus,  arsenical  or  mercurial  poisoning,  or  aatlirax, 
contmcted  in  a  factory  or  workshop,  shall  .    .    ,  aend 

I  to  the  Chief  Inspector  of  Factories,  at  the  Home 
Office,  London,  a  notice  stating  the  name  and  full 
poHtol  address  of  the  patient  and  the  disease  fiMoi 
which  in  the  opinion  of  the  medical  practitioner  the 
patient  is  Buffering."  A  fee  of  2s.  6d.  is  allowed. 
The  employer  must  notify  such  cases  to  the  Inspector 
of  Factories  and  to  the  Certifying  Surgeon. 

Lead  poUmiing  arises  ia  a  number  ot  industiiea,  from  the 
mBtuTial^  or  applianceH  ueed.  Owing  to  more  Btrinftuit  pre- 
cautions the  number  of  leported  msea  in  the  United  Kingdom 
jell  jearly,  from  1,268  in  1899,  to  597  in  1904,  the  six  yearn' 
totija  betDg — 


•White  Lead    

1  111  + 

Ship-building 177 

•J^artheoware  &  China 

84fi 

Printing   lU 

Coauh-building 

;mi) 

■Tinning  &.  Enamelling 

"FainU    and    CoIooi'h 

;(ii4 

■Smelting  of  Metals... 

'i4H 

Other 1,337 

"File  Cutting     

1<)U 

•Electrical  Ace  umula  tort 

191 :                             Total    5,01!)  1 

Those  marked  '  are  undec  special  rules  or  regulations  as  dan- 

Cos  trades.    The  great  danger  is  tbat  of  inhalation  or  awal- 
Qg  of  dust,  bat  there  is  alab  riHii  fram  carrjiog  unwashed 
,  faandB  t«  the  moutb,  from  eating  or  using  tobacco  nhile  at  work, 
.  and  in  some  industries  ftom  tumca  containing  lead.    The  chief 
'^preventice  measures,  apart  from  these  direoted  against  dust 
ikand  fumes  (p.  S50).  ate  the  sahatitution  of  materluls  free  from 
■l«id  or  containing  it  only  in  on   inaoluble  and  comparatively 
'barmleBB  form,  fadlities  for  wa.shing  and  duo  use  ol  them, 
OTerallB  in  dusty  processes,  periodical  medical  examinntion  of 
workers,   and  esilnaion  of  persons  found  to   be   9V 
Women  appear  to  be  more  susceptible  than  men,  u 
ployment  o(  children  and  even  of  young  persona 
forbidden  in   certain  lead  processes,  as  leas  atte: 
cautions  <  an  be  expected  from  them. 

The  Jli^ures  givmi  abore  are  t^ioae  toi  \i^\k!^^;n»- 
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each  including  a  variety  of  processes  involving  very  different 
degrees  of  risk  :  thus  in  pottery  processes  the  incidence  is  much 
greater  among  dippers  and  ware- cleaners,  who  handle  the 
glaze  before  it  is  fired ;  and  in  the  processes  named  much  depends 
upon  the  nature  of  the  materials  handled,  the  frequency  and 
duration  of  employment,  the  conditions  of  work,  including 
observance  of  precautions,  and  upon  the  age  and  sex  of  the 
workers.  These  considerations  are  material  in  estimating  the 
statistical  value  of  attack-rates  or  mortality  rates,  in  all 
industrial  diseases  and  not  merely  as  regards  plumbism.  A 
further  necessary  consideration  is  the  character  of  attack, 
which  varies  greatly  as  regards  the  nature,  site,  and  severity  of 
symptoms,  and  shades  o£E  into  constitutional  conditions  which 
can  hardly  be  regarded  as  poisoning  or  disease,  and  may  only 
be  revealed  by  large  statistics  showing  greater  tendency  to 
more  remote  affections,  such  as  the  kidney  disease  and  gout 
which  are  found  from  mortality  returns  to  be  more  common 
among  lead-workers  than  others. 

Pho»phoru8  poisoning  is  now  rare,  stringent  precautions  being 
in  force  in  the  lucifer  match  factories  in  which  yellow  phos- 
phorus is  used.  Its  characteristic  manifestation  is  necrosis  of 
the  jaw,  arising  in  connection  with  carious  teeth :  it  rarely 
occurs  until  the  employment  has  been  long  continued,  and 
there  is  some  reason  to  suppose  that  it  is  dependent  upon  a 
constitutional  change  predisposing  to  local  attack.  Substitutes 
for  yellow  phosphorus  have  been  found  in  red  phosphorus 
(a  harmless  form),  sesqui sulphide  of  phosphorus,  and  other 
chemicals.  Other  precautionary  measures  in  force  are  the 
use  of  closed  vessels  for  phosphorus,  separation  of  phosphorus 
processes  from  each  other  and  from  the  rest,  free  general  ven- 
tilation, exhaust  ventilation,  washing  facilities  and  systematic 
use  of  them,  overalls,  and  periodical  examination  by  a  dentist 
(with  power  to  forbid  employment),  in  order  to  secure  sound- 
ness of  teeth. 

The  reported  attacks  in  1899-1904  were  8,  3,  4,  1,  0,  1. 

Arsenical  poisoning  arises  chiefly  in  connection  with  paints 
and  colours  and  in  chemical  works,  or  exceptionally  from  the 
evolution  of  arseniuretted  hydrogen  in  metallurgical  processes. 
In  1900-1904,  49  attacks  were  reported. 

Mercurial  poisoning  is  met  with  in  industries  in  which  mercury 
or  a  mercurial  salt  is  used :  including  the  making  of  ther- 
mometers and  other  scientific  instruments,  furriers*  work  (in 
**  Garrotting")  and  chemical  works.  Formerly  it  was  observed 
nmong  "  water  gilders  "  employed  in  "  silvering  "  mirrors  by 
means  of  mercury.  In  additVoiv  to  salivation,  alimentary 
disturbances  and  cacliexia,  thexe  we  ^fecv\\Awc  ^t^^  \.\fe\swyt^^(  the 
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hands  and  anna,  with  occasional  [ii 
1901,  u6  attacks  wixit  r^rted. 
Anthrax  wub  reported  in  'i6i  io 


iMpmTBV. 

ATTiOKI, 

D»iTHS. 

Wocil.  Wonted       - 

HCffKtmlr.  Brigtm         

HidH,  Shini          

SS 

? 

Six,  all  fatal,  and  all  in  the  woollen  and  weisted  trade, 
'G  of  the  " internal''  kind.  Among  "eTtcroHl"  cassa  Ihu 
'"'"  ■"  85%  was  on  the  head,  face,  or  neck,  and  in   127„  on 

The  infection  in  the  tradee  named  ahove  is  due  to  mjttorials 

mported  from  Eaatsm  countries  in  which  anthrax  is  rite,  e.g., 

KrAHHi  mohsir,   Pettian   wool,  tjiberion  and  Chinese  horaehalr, 

I  Ohineae  and  Fersian  akina.     Dry  and   dnaty    materiiUs  onii 

it«tocBB»ea  are  Bspedaliy  danKOroue,  and  greasy  or  moist  goods 

ii((if.j.  salted  hides)  less  BO.     Where  diainfection  is  impracticable 

',    iofooted  materisla   are    used,   the    preventive    meaaureB 

I  upon  suppression  of  duat,  poraunal  cluaolinesB,  protec- 

B  garmenta,  and  immediate  attention  to  abiaaious  of  the 

\awBVer  alight.      Early  diagnosis,  prompt  axciaion   of 

X.  puatulea,  and  the  use  of  Sclavu's  aerum  are  important. 

Si-aui-foi'ideya'  Ojixf,  attributed    to  ziao  fumea,  is  oharac- 

I  iteriaed   by  tecurrent  attacka,  with   cold,   hot,   and  sweating 

'   atagca,  differing  from  those  of  malaria  in  not  being  periodic. 

Other  provisions  of  the  Factory  Act  require  only 

brief  mentioii  here,  aud  the  following  summary  may 


Safety. — Dangerous  mochiaeTj'  must  be  fenced  ot  made 
sate  by  position.  The  use  ol  dangerous  ways,  wurks,  machinery 
or  plant,  or  of  diin^eroiia  premiaea,  can  be  lorbidden  by  a 
Court.  Certain  dangerous  employments  are  forbidden  to 
"children"  and  "young  persons,"  and  further  limitations  of 
this  kind  can  be  iuipoaed  by  the  Certifying  Surgeon.  Where 
any  manutaoture,  plant,  proi^ess,  or  description  of  manual 
labour  ia  certified  by  the  Homo  Secretary  as  dangerous  or 
injurious  to  htalth,  nr  dangerous  to  life  ur  limb,  regulations 
(of  general  application)  or  apecial  rules  (tor  $d,i.'Us:,>^^x  'voivi^ 
may  be  made ;  many  such  codes  are  in  ioice. 
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Accidents  which  are  fatal,  or  which  prevent  the  injured 
person  on  any  one  of  three  following  working  days  from  doing 
5  hours'  ordinary  work,  must  be  registered  and  reported  to  the 
Factory  Inspector :  and  also  reported  to  the  Certifying  Surgeon 
if  fatal  or  caused  by  power-machinery,  or  by  hot  liquid  or 
molten  metal,  or  by  explosion,  or  by  escape  of  gas,  steam  or 
metal.     This  applies  also  to  dock  processes. 

Age  and  Sex. — Children  under  12  may  not  be  employed. 
Above  12  they  may  be  employed  for  half-time  (if  they  have 
attained  a  certain  standard  and  if  the  local  educational  bye- 
laws  permit),  but  must  attend  school  for  the  other  half.  In 
factories  they  must  have  a  certificate  of  fitness  (as  to  age  and 
physique)  from  the  Certifying  Surgeon,  which  may  be  coupled 
with  conditions  as  to  the  nature  of  the  employment  permitted. 
**Yoimg  persons '*  are  those  between  14  and  18  (or  between 
13  and  14,  subject  to  conditions  as  to  educational  certificates), 
and  are  eligible  for  full  time  employment,  with  certain  limita- 
tions. Certificates  of  fitness  are  required  for  those  under  16 
employed  in  factories.  A  woman  must  not  be  employed  within 
4  weeks  after  giving  birth  to  a  child. 

Hours  and  Intervals. — The  period  of  employment  for 
women  and  young  persons  in  textile  factories  is  on  ordinary 
days  12  hours  (6  to  6  or  7  to  7),  less  2  hours  intervals,  and  on 
Saturday  6  hours  (6  to  12  or  7  to  1,  with  \  hour  interval,  or  6  to 
12.30,  with  an  hour  interval)  :  or  a  weekly  total  of  55^  working 
hours.  In  non- textile  factories  and  in  workshops  it  is  12 
hours  on  ordinary  days  (6  to  6,  7  to  7,  or  8  to  8),  with  IJ  hours 
intervals,  and  on  Saturdays  8  hours  (6  to  2,  7  to  3,  or  8  to  4), 
with  \  hour  interval  ;  or  a  weekly  total  of  60  hours.  In 
laundries  the  period  must  not  exceed  14  hours  for  women, 
12  hours  for  young  persons,  or  10  hours  for  children  in  any 
consecutive  24  hours :  nor  a  weekly  total  of  60  hours  for  women 
and  young  persons,  and  30  hours  for  children.  There  is  a  fur- 
ther limit  as  to  continuous  spell  of  employment,  which  must  not 
exceed  4^  hours  in  textile  factories  and  printing,  bleaching 
and  dyeing  works,  or  5  hours  in  non-textile  factories,  work- 
shops and  laundries,  without  an  interval  of  \  hour.  Certain 
holidays,  amounting  to  six  days  in  the  year,  are  prescribed. 
Work  on  Sundays  is  prohibited.  The  hours,  intervals  and 
holidays  must  be  fixed  by  notice.  None  of  the  above  provisions 
apply  to  men  over  18,  and  certain  exceptions  are  allowed  as 
regards  women,  young  persons  and  children  in  special  cases : 
e.g.  women  may  be  employed  "  overtime  **  for  2  hours,  on  not 
movQ  than  3  days  in  any  week,  nor  more  than  30  days  in  any 
22  months,  in  certain  sT^ed^ie^  \iT«cWi\vfe^\  ^.nd  in  others  male 
joung  persona  can  "be  em^\o>f e^ ^\. m^'t. 
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The   Alkali,  etc.,  Works  KcKulatlon  Acl, 

1S81,  applies  to  alkali  works  and  to  the  niaaufacture 
of  sulphuric  aciii,  nitric  acid,  chlorine,  bleaching 
Ipowder  or  liquor,  sulphate  or  muriate  of  ammonia, 
•ADd  chemica]  manure,  and  is  administered  \>y  In- 
'rBpectors  appointed  by  the  L.O.B. 
I  In  alkali  works  95  per  cent,  of  the  HCl  gas  evolved 
must  be  condensed,  and  not  more  than  \  grain  of 
HCl  per  cubic  foot  of  air,  smoke,  or  chimney  gases 
must  escape,  nor  more  of  the  acid  gases  of  sulphur 
Wxd  nitrogen  than  the  equivalent  of  four  grains  of  SO., 
^er  cubic  foot.  Acid  drainage  must  not  be  allowed 
'*"  ""■'  with  alkali  waste  so  as  to  cause  nuisance.    Tlie 


owner  may  require  the  B.A.  to  provide  and  maintain 
■jut  his  expense  a  drain  for   carrying  the  acid  waste 

into  the  xea  or  any  watercouvse  into  which  it  can  be 
''taken  without  breach  of  the  law.  Alkali  waste  must 
.not   bo    deposited  or    discharged   without    the    best 

practicable  and  available  means  being  used  to  prevent 


Similar  regulations  a.ppiy  to  sulphuric  acid  works. 
The  gases  escaping  must  not  have  an  acidity  equivalent 
to  more  than  four  grains  of  SOj  per  cubic  foot.  The 
lather  works  scheduled  also  must  employ  the  best 
■practicable  means  for  preventing  the  escape  of  noxious 
and  offensive  gases,  and  for  rendering  them  harmless 
And  inoffensive. 

Under  this  Act  the  ^G.B,  in  188i  prescribed 
'  special  precautions  against  the  discharge  of  acid 
and  noxious  fumes  from  salt  (brine)  and  cement 
works. 

An  amending  Act  of  1 892  added  Venetian  red  worksj 
lead  deposit  works,  arsenic  works,  nitrate  and  chloridii 
of  iron  works,  muriatic  acid  works,  fibre  separation 
works  (wherein  HCi  is  used  to  separate  silk  or  wool 
from  cotton  fibres)  car  works,  and  zinc  worka  -,  uos^ 
also  the  following  if  H,S  be  evo\vBii,  V\j,  »Ks.a&  -^aslua 
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works,  barium  and  strontium  works,  antimony  works, 
and  bisulphide  of  carbon  works. 

Mines  are  controlled  by  tho  Coal  Mines  Kegulation  Act, 
1887,  and  the  Metalliferous  Mines  Regulation  Act,  1872  (many 
of  the  provisions  of  which  are  extended  to  quarries,  over 
20  feet  in  depth,  by  the  Quarries  Act,  1894),  and  amending 
Acts.  These  Acts  are  administered  by  H.M.  Inspectors  of 
Mines,  but  in  one  or  two  minor  points  (see  pages  483  and  488) 
they  give  jwwers  under  the  Public  Health  Acts  to  the  S.  A. 

The  Shop  Hours  Acts,  1§92, 1§93,  and  1§9;S, 

are  administered  by  the  County  and  Borough  Councils. 
They  contain  no  sanitary  provisions,  but  regulate  the 
hours  of  employment  of  young  persons  under  18, 
whether  wholly  in  a  shop  or  partly  also  in  a  factory 
or  workshop.  The  total  number  of  hours,  including 
meal  hours,  must  not  exceed  74  in  any  week,  and  a 
notice  of  this  limit  must  be  kept  affixed  in  the  shop. 
"Shops"  include  warehouses  and  licensed  public 
houses  and  refreshment  houses  of  all  kinds.  A  further 
Act  (Seats  for  Shop  Assistants  Act,  1899)  requires 
one  seat  to  be  provided  for  every  three  female 
assistants. 

The  Employmciit  of  Cliildreu  Act,  1903,  en. 

jiLles  urban  S.A.'s  with  a  population  over  20.000  (or,  in  the 
case  of  boroughs  over  10,000,  and  elsewhere  the  County 
Council)  to  make  byelaw8  regulating  the  employment  of 
cliildren  under  14  (not  under  the  Factory,  or  Mines  Acts)  and 
street  trading  by  persons  under  16 ;  it  forbids  carrj'ing  of 
hravy  weights  or  other  injurious  occupation,  street  trading  by 
cliildren  under  11,  and  (in  general)  work  between  9  p.m.  and 
G  a.m. ;  but  as  regards  children  employed  in  mines,  factories, 
and  workshops,  those  provisions  are  administered  by  Home 
(Mice  Inspectors  only. 

Under  the  Prcvt^iitioii  of  Cruelty  to  Children 
Act,  1904,  the  8. A.  are  charged  with  the  duty  of  Feeing 
to  the  observance  of  the  conditions  of  licences  giantodbya 
Court  for  ihe  employment  of  cliildren  over  10  in  public 
entertainments. 


^^ 

H^  OHAPTER  XX.  ■ 

H  BYELAWS  AND    BF.GULATIONS.  ^M 

ByelaiVBi   having  the  force  at  law,  may  be  made 
by  Sanitary  Authorities  for  the  better  goverument  of 
their  districts,  hut  ouly  in  respect  of  certain  matterB, 
and   under    certain   conditions,    exjiressly  stated    in 
T     the   Acts    of    Parliament.      They   are    designed   to 
H  Supplement,  not   to  summarise,   vary,  or   supersede, 
B  'ttie  express  provisions  of  the  statute  law.     It  is,  of 
!f     course,  quite  open  to  any  S.A.  to  append  to  their  bye- 
laws  a  Btateraent  or  summary  of  the  requirements  of 
the  statute  law  bearing  upon  the  same  matters.     In 
some  cases  this  course  is  advised  by  the  ^■G'-B-    Bye- 
laws  must  be  reasonable,  and  must  not  in  any  particular 
be  repugnant  to  the  piBvisiona  of  the  general  law. 
They  have  (as  a  rule)  no  force  until  approved  by  tlie 
L.O.B.     Any  byelaw  may  be  altered  or  repealed  by  a 
subsequent  byelaw.    In  framing  byelaws,  a  8,A.  should 
impose  reasonable  penalties,  not  exceeding  £5  for  each 
offence ;  and  in  the  event  of  a  continuing  oSeuce,  a 

[further  penalty  not  exceeding  £2  per  day. 
Urban  authorities  are  empowered  to  make  bye- 
taws  as  follows : — 
1.  Private  scavenging. — For  imposing  upon  oecu- 
tners  the  duty  of  cleansing  pavements  and  footways, 
of  removing  house-refuse,  and  of  cleansing  earth-cloaets, 
ashpits,  piivies,  and  cesspools.     Such  byelaws  are  only 
to  be  made  if  the  S.A.  do  not  undertiike  or  contract 
fcr  these  matters  *  (Public  Health  Act,  1875,  a.  44). 
".  Prevaniion  of  nuisances. — For  the  prevention  of 
.noes  arising  from  snow,  filth,  dust,  ashes,  and 
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rubbish.  For  the  prevention  of  the  keeping  of 
animals  on  any  premises  so  as  to  be  injurious  to  health 
(Public  Health  Act,  1875,  s.  44). 

3.  Common  lodging-houses. — For  regulating  the 
number  of  lodgers  and  the  separation  of  the  sexes ; 
for  promoting  cleanliness  and  ventilation  ;  for  giving 
notice  and  taking  precautions  in  case  of  infectious 
disease  ;  and  for  the  general  well-ordering  of  such 
houses  (Public  Health  Act,  1875,  s.  80). 

4.  Houses  let  in  lodgings. — For  regulating  the 
number  of  persons  and  separation  of  the  sexes  in  a 
house  or  part  of  a  house  let  in  lodgings  or  occupied 
by  members  of  more  than  one  family ;  for  the 
registration  and  inspection  of  such  houses  ;  for  drain- 
age, privy  accommodation,  cleanliness  and  ventilation  ; 
for  cleansing  and  whitewashing  at  fixed  times  ;  for 
paving  of  yards  ;  and  for  giving  notice  and  taking 
precautions  in  case  of  infectious  disease*  (Public 
Health  Act,  1875,  s.  90).  The  Merchant  Shipping 
(Fishing  Boats)  Act  of  1883  gives  power  to  the  S.A. 
to  make  byelaws  for  the  regulation  of  seanien\ 
lodging  houses. 

5.  Hoj>pickers. — For  securing  the  decent  lodging 
and  accommodation  of  persons  engaged  in  picking 
hops  (Public  Health  Act,  s.  314). 

6.  Fruit-jnckers. — For  securing  the  decent  lodging 
and  accommodation  of  persons  engaged  in  picking  fruit 
and    vegetables  [Public    Health   (Fruit-pickers)   Act, 

1882]. 

7.  Tents  and  vans. — For  promoting  cleanliness  in, 
and  habitable  condition  of,  tents,  vans,  sheds,  and 
similar  structures  used  for  human  habitation ;  for  pre- 

*  The  M^O.H-  must  on  request  inspect   any  liouse  wholly  let  in 

tvucmcuts  at  rents  not  exceeding  7s.  6(1.  weekly,  and  (if  satisfied)  certify 

that  the  acconimodatiow  and  sanitary  arrangements  are  snitaV)le.     The 

effect  is  to  exempt  from  \\»\iaV\\AiA  \iov\?,e.  IKvlv-    The  S.A.  may  appoint 

another  i)ractitionor,  quaVvfted  to  a(i\,a.^'^.O^M  *^^  ^\nv- >«v\v-\\  certitlcat« 

(Customs  and  Inland  Keveime  Kcl,  l^'^QY 
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Tenting  the  spread  of  infectious  disease  by  the  occu- 
pants thereof;  and  generally  for  the  prevention  of 
nuisances  in  connection  with  the  same  (Housing  of 
the  Working  Olasaea  Act,  1885). 

S.  Wew  etreets  aiid  btin^dinge. — With  respect  to  the 
i[,  width,  construction,  and  aewerage  of  new  streets  ; 
with  respect  to  the  structure  of  walls,  foundations, 
roofs,  and  chimneys  of  new  buildings,  for  securing 
stability  and  for  the  prevention  of  fires,  and  for  pnr- 
, poses  of  health  ;  with  respect  to  ventilation,  and 
mHiciency  of  air-space  about  buildings  ;  with  respect 
io  drainage,  closets,  ashpits,  and  cesspools ;  with 
aspect  to  the  depositing  of  plans  and  sections  of  pro- 
_  osed  new  streets  and  buildings  ;  with  respect  to  the 
power  of  the  Authority  to  remove,  alter,  or  pull  down 
any  work  begun  or  done  in  contravention  of  the  Itye- 
laws  ;  and  with  res]ject  to  the  closure  of  buildings 
unfit  for  habitation*  (Public  Health  Act,  1875,  s.  157). 

9.  Morivaries. — For  the  regidation  of  charges  and 
management  of  public  mortuaries  (s.  141), 

10.  Cemeteries. — Forthe  regulation  of  charges  and 
management  [Public  Health  (Interments)  Act,  1879]. 

11.  Slaughter-hottses, — For  the  licensing,  register- 
ing, and  inspection  of  slaughter-houses  and  knackers' 
yards ;  for  preventing  cruelty  therein ;  for  cleanliness 
and  daily  removal  of  filth  ;  and  for  providing  a  supply 
of  water  (Public  Health  Act,  1875,  a.  169). 

12.  Offenaive  trades. — For  preventing  or  diminish- 
ing the  noxious  or  injurious  effects  of  any  offensive 
trades  (Public  Health  Act,  1875,  s.  113). 

13.  Markets  and/airs. — For  preventing  nuisances 
in  markets  and  fairs  ;  for  inspection  of  slaughter- 
Louses,  and  daily  removal  of  refuse  therefrom  ;  for 
preventing  the  sale  or  exposure  for  sale  of  unwhole- 
some provisions  ;  and  for  many  other  purposes 
(Public  Health  Act,  1875,  s.  167). 

•  Fur  tarlher  I'nwev'.  'ft  ps*"  ■''1^- 
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14.  Open  spaces, — For  the  regulation  of  public 
walks  and  pleasure  grounds  (Public  Health  Act,  s. 
164).  For  the  regulation  of  any  open  space,  church- 
yard, cemetery,  or  burial  ground  over  which  the  S.A. 
has  control  (Open  Spaces  Act,  1887). 

15.  The  Municipal  Corporations  Act,  1882,  s. 
23,  gives  power  to  the  Council  of  a  borough  to 
make  byelaws  for  the  prevention  and  suppression  of 
nuisances  not  already  punishable  in  a  summary  manner 
by  virtue  of  any  Act  in  force  throughout  the  borough. 
County  Councils  have  similar  power  under  the  1 6th 
section  of  the  Local  Government  Act,  1888. 

16.  For  the  regulation  of  buildings  provided  under 
tlie  Housing  of  the  Workiiig  Classes  Acts, 

17.  By  adopting  certain  portions  of  the  Public 
Health  Acts  Amendment  Act,  the  S.A.  may  make 
byelaws  as  to  public  cwiveniences  provided  by  them  ; 
and  also  additional  byelaws  as  to  new  (and  old) 
hnildingSj  removal  of  house-refuse,  and  prevention  of 
nuisances  (page  501). 

18.  For  mea^is  of  escape  from  fire  in  factories  and 
workshops  (Factory  and  Workshop  Act,  1901,  s.  15). 

Rural  Authorities  have  similar  powers  in  respect 
of  the  following  : — 

Private  Scavenging  (1,  17).  Tents  and  Vans  (7). 

Common  Lodging-houses  (3).  Mortuaries  (9). 

Houses  let  in  Lodgings,  and  Means     of    escape    from 

Seamen's  Lodging-houses  (4).  fire    in    factories    and 

Hop-pickers  (5).  workshops  (18). 
Fruit-pickers  (6). 

And  also  under  the  Housing  of  the  Working  Classes 
Acts  (1 G).  By  adopting  portions  of  the  Public  Health 
Acts  Amendment  Act,  they  can  make  certain  byelaws 
as  to  new  (and  old)  buildings  (8,  17).  The  L.G.B.  may 
confer  upon  them  any  other  powers  as  to  byelaws  which 
the  Public  Health  Acts  ^ive  to  Urban  Authorities 
(Fxihlio  Health  Act,  \^^\  ^.  ^l^Y 
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Byelaws  as  to   common.  lodging-houses  must   be 
made  by  every  S.A.,  and  as  to  slaughter-houses  by 
every  urban  8.A. ;  tlie  rest  are  optional. 

Any  S.A.  mav  make  i-egulatioiis  under  the  Dairies 
Order  (see  p.  534). 

A  S.A.  may  make  regulations  (to   be   approved 
_     by   tiae   I^.G-.B.)   for   the    removal    to  hospital,   and 
^^detention  in  hospital  as   long  as  necessary,    of  per- 
^nons  brought  within  their  district  by  ship  or  boat, 
^^and  infected  with  any   dangerous  infectious  disorder 
(Public     Health     Aet,    s.     125).      They    may    also 
lUiike  regulations  for  the  management  of  places  pro- 
vided by  them  for  post-mortem  examinations  ordered 
by  .  coroner. 

IHodel  Byelaws  have  been  prepared  by  the 
L.G.B.  in  respect  of  certain  of  the  matters  upon  which 
S.A.  have  power  to  fiume  byelaws.  The  following 
have  been  issued  up  to  the  present  time ; — 

Privato  Scavenging.      .        I  Plensiire  Giounds. 

Preyention  of  Nuiaancea.  Hovscb,  etc.,  lot  for  Hii'o. 


Commcn  Loclging-houiwa, 

New  StreetB  and  Buildings. 

Uarketa. 

Slaughter-lioniiea. 

Hacicney-  carriagee. 

Public  Bathing. 

Uiitha  and  'Wa9h-h<)U8C9. 


Pleaauro-lioata. 
Hoiisea  let  in  Lodgings. 
CeDjetarica. 
Mortimriea. 
Offenaive  Ttudea. 
Hop-piekerH. 


|i 

^^  These  Models'*  are  now  veiy  generally  adopted, 
with  occasional  slight  modifications,  by  S.A.  seeking 
to  fi-auie  byelaws.  The  following  summary  includes 
only  those  which  have  a  moi*  direct  bcaiing  upon 
sanitary  matters  ; — 

1.  Private  Scavcniing.f — The  occupier  of  any 
premises  must  cleanse  the  footways  and  pavements 

•TlicKiiif-officM  AnnataUA  Modil  »v«l'i>rs  (Knight  and  Ca.}oanUuw 
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adjoiuiug  his  premises  daily  except  Sunday.  He  must 
remove  the  house-refuse  (yivce  a  week^  and  excreta  at 
intervals  not  exceeding  the  following  maximum 
limits  : — 

Mini  he  cleaiMed.  at  leati — 
Earth-closetfl,  with  fixed  receptacle       .    once  in  three  months 

,1  „    movable    „  .    once  a  week. 

Privies,  whetlier  the  receptacles  are  fixed  1  , 

or  movable       .         .        .        .        .)  once  a  week. 

Ashpits,  whether  receiving  excreta  orl  i 

^qx  '  °  \  once  a  week. 

Cesspools once  in  three  months. 

3.  Prevention  of  Nuisances. 

{a)  Clearing  away  snow, — The  occupier  of  any 
premises  must  clear  away  snow  from  the  footways  and 
pavements  adjoining  his  premises,  as  soon  as  possible 
after  it  ceases  to  fall. 

(6)  Scavenging, — The  refuse  from  any  premises 
shall  only  be  removed  in  a  suitable  covered  receptacle 
or  carriage  ;  and  if  from  premises  within  20  yards  of 
any  dwelling,  public  building,  or  place  of  business 
only  between  [7.0  and  9.30  a.m.]  from  November  to 
February,  and  between  [6.0  and  8.30  a.m.]  from  March 
to  October.  Refuse  must  not  be  deposited  upon  any 
road,  and  any  refuse  accidentally  falling  upon  a  road 
must  be  immediately  gathered  up  and  the  place 
cleansed. 

(c)  Deposit  of  nightsoil  and  other  refuse, — No 
load  of  filth  must  be  deposited  for  more  than  [24j 
hours  within  [100]  yards  of  any  street,  dwelling, 
public  building,  or  place  of  business.  Nightsoil  de- 
posited for  agricultural  purposes  upon  land  within 
100]  yards  of  a  street,  dwelling,  etc.,  and  not  deodor- 
ised, must  at  once  be  dug  or  ploughed  into  the  ground. 

{d)    Keeping   of  animals.  —  Swine    must    not    be 

kept   within  [100]  feet  of   any  dwelling,  nor   cattle 

where   they   may   pollute   water   likely    to   be    used 

for    drinking,    domestic,   o\:    viv^jvc^   >^\rt^Q^Q.^^   or    for 
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manufacturmg  drinks.  The  same  proliibitions  apply 
to  storage  of  dung.  Premises  ^herein  are  kept  any 
swine,  cattle,  liorsus,  etc.,  must  be  provided  with 
proper  receptacles  for  manure,  and  with  efficient 
drainage  ;  the  receptacle  must  be  watertight,  covered, 
and  entirely  abore  the  level  of  the  gi'ound,  and 
must  be  cleansed  at  least  once  a  week  ;  the  drain  mi: 
be  properly  constructed  and  kept  in  order  at  all  times, 
HO  as  to  convey  all  liquid  hlth  to  a  sewer,  cesspool, 
other  suitable  receptacle. 

3.  Cominon  Lodgliig-houvcs. 

(«)  JTumber  qf  hdr/ers.—The  B.A.  may  specify  by 
notice  in  writing  the  maximum  nuraberof  lodgera  tobe 
nccommoJated  in  each  room,  and  the  keeper  must  not 
allow  this  number  to  be  exceeded  ;  notice  stating  the 
niaxinium  number  allowed  must  lie  exhibited  in  each 
room.*  The  S.A.  may  vary  the  number  from  time 
to  time  by  further  notice. 

(i)  Separatum  of  waxs.—'ln  general  no  person 
above  ten  years  of  age  must  occupy  the  same  sleepiiig- 
room  as  persons  of  the  opposite  sex,  bi^t  rooms  may 
be  set  apart  for  the  sole  use  of  mairied  couples,  to  the 
UEcIuaion  of  other  persons  over  ten  years  of  age,  on 
mdition  that  every  bed  is  screened  off.  No  bed  must 
B  occupied  by  more  than  one  male  above  ten  years 

(e)  Cleanliness  nf  in-eniinm. — The  yards,  etc.,  must 
ft  kept  clean  and  in  good  order ;  all  doors  swept  daily 
Ind  washed  once  a  week ;  all  windows,  painted  sur- 
'  oea,  and  fittings  of  wood,  stone,  or  metal,  kept  clean. 
{d)  C'toeeti  must  be  kept  clean  and  in  good  and 
fficient  order. 

(e)  Anlipits  must  be  kept  clean  and  in  good  order. 
a  filth  or  wet  refuse  must  be  thrown  into  ashpits 
BdeBigned  for  dry  refuse  only. 
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(y*)  Management  of  aleeping-TOoms. — ^The  windows 
must  be  opened  fully  for  an  hour  in  the  morning, 
and  an  hour  in  the  afternoon,  except  in  case  of  stress 
of  weather  or  occupation  of  the  room  by  a  sick  person, 
or  other  sufficient  cause.  Beds  must  be  stripped  of 
clothes  and  exposed  freely  to  the  air  for  an  hour 
each  day,  and  must  not  be  reoccupied  within  eight 
hours  after  being  vacated.  All  refuse  and  slops  must 
be  removed  every  day  before  10  a.m.,  and  all  utensils 
cleansed  daily.  Every  sleeping-room  must  be  provided 
with  sufficient  bedsteads,  beds,  bedclothes,  and  utensils, 
for  the  use  of  the  maximum  number  of  lodgers  to  be 
received  therein. 

(g)  Facilities  for  washing, — A  sufficient  supply  of 
suitable  basins,  water,  and  towels  must  be  provided 
for  the  use  of  lodgers ;  and  must  be  kept  clean  and 
renewed  as  required. 

{h)  Precautions  in  respect  of  infectioits  diseases. — 
If  the  keeper  finds  that  any  lodger  is  suffering  from 
an  infectious  disease,  he  must  at  once  take  all  neces- 
sary precautions.  No  person,  except  a  relative  or 
attendant,  must  occupy  the  same  room  as  the  sick 
person.  If  the  patient  is  removed  to  hospital  by 
the  S.A.  the  keeper  must  afford  all  facilities  for 
removal  and  must  adopt  all  precautions  directed  by 
the  M.O.H. 

He  must,  if  required  by  the  M.O.H,  to  do  so, 
temporarily  cease  to  receive  lodgers  into  any  infected 
room.     At  the  end  of  the  case  by  removal,  recovery, 
or  death,  the  keeper  must  at  once  give  notice  to  the 
M.O.H.  and  must  cleanse  and  disinfect  every  part  of 
the  infected  rooms  and  their  contents,  and  in  doing  so 
must   comply  with   all   instructions  of  the   K.O.E, 
When  the  cleansing  and  disinfection  are  completed 
he  must  give  notice  thereof  to  the  M.O.H.,  and  must 
not  receive  any  lodger  into  Wife  rooms  in   question 
until  two  days  after  aucYi  noticfe  \ka&\ifefeTw  ^n«i>u 
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)  A  copy  of  tiis  byelavia  in  force  with  ruspect  to 
tommon  Lodging-Houses,  supplied  by  the  S.A., 
inusb  be  exhibited  in  some  coaspicuoaa  place  in  the 
!,  and  must  not  be  concealed,  altered,  obliterated 
:  injured. 

mo  of  the  moat  impurtant  regulatioiiB  regarding 
oommon  lodging-hoiues  are  contained  in  the  Public  Heulth 
Act,  and  are,  theretore,  omitted  in  the  b^^elaws,  it  ia  d^sirabls 
that  a  itntemeot  at  the  prorlsiona  ot  sections  73  to  89  of  thn 
Public  Health  Act  should  accompany  the  copy  o(  byelaws 
supplied  to  each  common  lodging-house. 

AiS  regards  the  question  of  the  suitability  of  any 
particular  premises  or  particular  rooms  for  registration, 
a  memorandum,  issued  by  the  L,Q,B<>  points  out  that 
a  common  lodging  house  should,  in  tiie  first  place, 
possess  the  conditions  of  wholesoiueness  needed  for 
houses  in  general,  and  secondly,  that  it  should  have 
arrangements  fitting  it  for  the  special  purpose  of  re- 
ceiving a  given  number  of  lodgers.  Inaide  walls  should 
not  be  papered.  Every  registered  room  should  have 
special  means  of  ventilation  (by  chimney  if  possible), 
and  a  window  opening  freely  and  directly  upon  the 
outer  air.  There  should  be  kitchen  and  day-room 
accommodation  apart  from  the  bedrooms.  Rooms 
partially  underground  should  not  be  i-egistered  as  aleepi- 
iug  rooms.  There  should  be  a  supply  of  pure  water 
allowing  at  least  ten  gallons  per  head  per  day  for  the 
maximum  number  of  inmates,  and  one  closet  for  eveiy 
twenty  registered  lodgers.  Wherever  practicable, 
there  should  be  a  separate  place  for  washing,  not  in 
the  bedrooms,  with  fixed  basins  und  trapped  and  dis- 
connected waste-pipes. 

A.  New  Streets  and  Buildings. 

(n)  Streets. — No  new  street  must  be  less  than  36 
feet  wide,  if  it  exceeds  100  feet  in  length  or  is 
intended   to   be  a   carriage  ToaA  ■.  uw  V^%  ■Ovi*^.  'lA 
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feet  in  any  case.     One  end  at  least  must  be  quite 
open. 

(6)  Sites, — No  buildings  must  be  erected  upon 
soil  polluted  with  animal  or  vegetable  matter.  Sites 
in  low  attid  damp  situations,  near  rivers  or  in  exca- 
vations, must  be  elevated  artificially.  The  site  of  a 
new  house  must  be  entirely  asphalted  or  covered  with 
6  inches  of  concrete. 

(c)  Walls  of  all  new  buildings  must  be  constructed 
of  good  bricks,  stone,  or  other  hard  and  incombustible 
materials,  properly  bonded  and  solidly  put  together 
with  good  mortar  compounded  of  good  lime  and  clean 
sharp  sand  or  other  suitable  material,  or  with  good 
cement,  or  with  good  cement  mixed  with  clean  sharp 
sand.  Every  wall  must  have  a  proper  damp  course 
of  durable  and  impervious  material  beneath  the  level 
of  the  lowest  timbers  and  at  least  6  inches  above  the 
ground.  If  the  ground  is  to  be  in  contact  with  a  wall 
above  the  level  of  the  floor  of  the  lowest  storey,  that 
wall  must  be  made  double,  with  a  cavity  2 J  inches 
wide  extending  from  the  base  of  the  wall  to  6  inches 
above  the  surface  of  the  adjoining  ground  ;  and  damp 
courses  must  be  inserted  both  at  the  base  of  the 
wall  and  at  the  level  of  the  top  of  the  cavity.  Walls 
of  new  houses  must  be  at  least  9  inches  thick,  increas- 
ing according  to  a  prescribed  scale  when  the  height 
is  greater  than  25  feet,  or  the  length  greater  than 
30  feet.  Party-walls  must  be  carried  up  at  least  15 
inches  above  the  roof,  the  distance  to  be  measured  at 
right  angles  to  the  slope  of  the  roof.  The  L.G.B. 
permit  certain  modifications  in  the  byelaws  for 
buildings  in  rural  districts. 

(d)  Roofs  must  be  made  of  incombustible  materials, 
and  provided  with  gutters  leading  to  rain-pipes. 

(e)  Open  space. — A  new  house  must  have  along 
its  -whoXQ  frontage  an  open,  sy^ace  measuring  at  least 
24:    feet  to   the  boundary   ol  qavj  \^tA  <^^  ^x^s^s^s^ 
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immediately  opposite  or  to  tlie  oppoeite  side  of  the 
street.  In  the  rear  there  must  be  an  opeu  space 
excluMvely  belonging  to  the  house,  at  least  150 
square  feet  in  area,  and  free  from  any  erection  above 
the  ground  level  except  a  closet  and  an  ashpit ;  the 
open  apace  must  estend  along  the  entire  width  of  the 
house,  and  must  measui'e  in  no  case  less  than  10  feet 
from  evei-y  part  of  the  back  wall  o£  the  house  ;  if  the 
house  is  15  feet  high,  the  distance  must  be  15  feet  j 
if  25  feet,  then  20  feet,  and  if  35  feet  or  more,  then 
36  feet  at  least. 

(/)  Ventilation  bemathjoorg—li  the  floor  of  the 
lowest  atoi-ey  is  boarded,  there  must  be  a  clear  space  of 
at  least  3  inches  between  the  boards  and  the  impervious 
covering  of  the  site,  and  the  space  must  be  ventilated. 

(g)  Windows  opening  directly  into  the  external 
air  must  be  provided  in  every  habitable  room.  The 
window  area  must  be  at  least  one-tenth  of  the  tioor 
area;  at  least  half  of  each  window  must  be  made  to 
open,  and  it  must  open  at  the  top. 

(A)  YerUitatioTi.  — ■  Every  habitable  room  must 
either  have  a  fireplace  and  chimney,  or  a  special 
ventilating  aperture  or  air-shaft  with  an  unobstructed 
flectional  area  of  at  least  100  square  inches.  Every 
new  building  must  be  provided  with  adequate  means 
of  ventilation.* 

(»')  BratKrtje.— Damp  sites  must  be  drained  hy 
earthenware  field   pipes   properly  laid   to  a  suitable 

Ioutlall,  but  not  directly  communicatinj;  with  any 
sewer  or  cesspool  or  drain  containing  sewage,  fiain- 
pipes  must  be  provided  to  carry  away  all  water  falling 
cm  the  roof  without  causing  dampness  of  the  walls  or 
foundations.  The  level  of  the  lowest  storey  must  be 
Wich  as  to  allow  of  the  construction  of  a  drain  sufficient 
•  TliB  ■BiDl.olBclal  Kc 
aeevl  iii  nttlcx  iisal  sa  b< 
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for  the  drainage  of  the  building  communicating  with 
a  sewer  at  a  point  above  the  centre  of  the  sewer.  All 
drains  for  sewage  must  be  made  of  impervious  pipes 
4  inches  or  more  in  internal  diameter,  laid  with  a 
proper  fall  in  a  bed  of  concrete,  and  with  watertight 
joints.  Every  drain  inlet  not  intended  for  ventilation 
must  be  trapped.  No  drain  conveying  sewage  must 
pass  under  a  building  unless  no  other  mode  of  con- 
struction is  practicable ;  in  that  case  it  must  be  laid  in 
a  direct  line  for  the  whole  distance  beneath  the  house, 
and  must  be  embedded  in  and  covered  with  concrete 
6  inches  thick  all  round,  and  must  be  laid  at  a  depth 
below  the  surface  at  least  equal  to  its  diameter,  and, 
lastly,  must  be  ventilated  at  each  end  of  the  portion 
beneath  the  building.  The  main  drain  must  be 
trapped  at  a  point  within  the  curtilage,  but  as 
distant  as  practicable  from  the  building.  Branch 
drains  must  join  other  drains  obliquely  in  the  direction 
of  flow.  "^ 

(^')  Ventilation  of  drains. — There  must  be  at  least 
two  untrapped  ventilating  openings  into  the  drains, 
according  to  one  of  the  following  alternative  arrange- 
ments : — (1)  One  opening  consists  of  a  shaft  or  dis- 
connecting chamber  opening  at  or  near  the  ground 
level,  and  situated  as  close  as  possible  to  the  trap 
specified  above,  but  on  the  house  side  of  it ;  the  other 
opening  is  a  pipe  or  shaft  carried  from  a  point  as  far 
distant  as  possible  from  the  said  trap  (i.e.  as  near  as 
possible  to  the  head  of  the  drain)  vertically  upwards 
in  such  manner  and  to  such  height  (in  no  case  less 
than  10  feet)  as  to  prevent  any  escape  of  foul  air  into 
any  building  ;  but  (2)  if  more  convenient,  the  relativt^ 
positions  of  these  openings  may  be  reversed,  the  shaft 
being  placed  near  the  trap,  and  the  opening  at  the 
ground  level  at  the  head  of  the  drain.  The  ground- 
level  opening  must  have  a  grating,  with  apertures 
equal  in  total  area  to  \A\e  s.^c\aoti»\  ^\^^  ^1  'OcLfe  dx^m. 
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The  pipe  or  shaft  at  the  other  end  of  the  drain 
(whether  used  as  a  soil  pipe  or  not)  is  required  to 
have  a  sectioual  area  equal  to  that  of  the  drain,  and  in 
no  case  less  than  4  inches  ;  and  bends  and  angles  are 
to  be  avoided  as  far  as  practicable. 

(A)  JXsconneclion  of  drains  from  house.  —  No 
drain  inlet  is  permitted  within  a  building  except  the 
inlet  necessary  for  a  water-closet.  Every  soil  pipe 
must  be  at  least  4  inches  in  diameter,  must  be  placed 
outside  the  building,  and  must  be  continued  upwards 
in  full  diameter  without  bends  or  angles  (except  where 
unavoidable),  to  such  a  height  and  such  a  point  as  to 
afford  a  safe  outlet  for  sewer  air.  There  must  be  no 
trap  between  the  soil  pipe  and  the  drain  to  which  it 
leads,  nor  in  any  part  of  the  soil  pipe  except  such  as 
may  be  necessary  in  the  construction  of  the  water- 
closet.  The  waste  pipe  from  a  slop  sink  must  conform 
to  the  same  requirements  as  a  soil  pipe.  The  waste 
pipes  from  any  other  sink,  bath  or  lavatory,  the 
overflow  pipe  fi-om  any  cistern  and  from  any  "  safe" 
under  a  bath  or  water-closet,  and  every  pipe  for  con- 
veying waste  watflr,  must  be  taken  through  an  external 
wall  and  must  discharge  in  the  open  air  over  a  chan- 
nel leading  to  a  ti'apped  gulley  grating  at  least  18 
inches  distant. 

{I)  Waler-eJoseU  must  have  a  window  opening 
directly  inte  the  externa!  air,  and  measuring  2  feet  by 
1  foot  clear  of  the  frame ;    and,  in  addition  to  the 

I  window,  adequate  means  of  constant  ventilation  by 
air-bricks,  air-shafts,  etc.  Such  closets,  if  within  the 
building,  must  adjoin  an  external  wall.  The  water 
must  be  supplied  to  a  water-closet  by  means  of  a, 
Bjiecial  cistern.  The  apparatus  must  be  suitable  for 
eJTecbual  flushing  and  cleansing  of  the  basin ;  the 
basin  must  be  made  of  non-absorbent  material,  and  of 
Buch  shape  ajid  capacity  as  to  receive  a.Tii  cjoti.'wCisi-  -a. 
Buflicient  quantity  of  water,  aut\  to  tiWo"*!  eJ^  WOti.  Vs 
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fall  free  of  the  sides  directly  into  the  water.  "  Con- 
tainers "  and  "  D-traps  "  are  forbidden. 

(wi)  Earth-closets  are  subject  to  the  same  con- 
ditions as  water-closets  so  far  as  regards  position, 
lighting,  and  ventilation.  Proper  arrangements  must 
be  made  for  the  supply  of  dry  earth,  and  its  effectual 
and  frequent  application  to  the  excreta ;  also  for  con- 
venience of  scavenging,  and  for  exclusion  of  rainfall 
and  drainage.  The  receptacle  for  excreta,  whether 
fixed  or  movable,  must  be  so  constructed  as  to  prevent 
absorption  or  escape  of  the  contents,  and  to  exclude 
rainfall  and  drainage ;  if  fixed,  its  capacity  must  not 
be  greater  than  may  suffice  for  (three  'inonths  ?)  nor  in 
any  case  greater  than  {forty?)  cubic  feet,  and  it  must 
in  every  part  be  (three  ?)  inches  above  the  ground. 
(The  maximum  limit  of  size  may  with  advantage  be 
reduced  to  two  cubic  feet  in  the  case  of  earth-closets 
placed  inside  houses.) 

(n)  Privies  must  not  be  erected  within  6  feet  of  a 
dwelling,  public  building,  or  place  of  business,  nor 
within  (fifty  ?)  feet  of  any  water  likely  to  be  used 
for  drinking,  or  domestic  purposes*,  or  for  manufac- 
turing drinks,  nor  otherwise  in  such  a  position  as  to 
entail  danger  of  the  pollution  of  such  water.  Privies 
must  be  built  so  as  to  admit  of  convenient  scavenging, 
without  carrying  the  contents  through  any  dwelling, 
public  building,  or  place  of  business.  There  must  be 
an  opening  for  ventilation  at  the  top ;  the  floor  must 
be  paved,  and  raised  6  inches  above  the  ground 
in  all  parts,  with  a  fall  of  half  an  inch  per  foot  towards 
the  door.  The  receptacle  may  be  fixed  or  movable. 
If  movable,  as  in  pail-closets,  the  floor  of  the  area 
beneath  the  seat  must  be  flagged  or  asphalted,  and 
raised  3  inches  above  the  ground  level,  and  all  the 
sides  of  the  said  area  must  be  made  of  flag,  slate,  01 
brick  J  at  least  9  inches  thick,  and  rendered  in  cement 
If  the  receptacle  is  ^xe^,  Vt  t£v\\.^\.  V>^  \si  ^very  pari 
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3  incliK)  above  the  ground  level,  and  its  capacity 
must  not  exceed  8  cubic  feet ;  *  means  must  he  pro- 
vided for  the  application  of  ashes  and  dry  i-efuse  to 
the  escreta,  and  for  the  exchision  of  rainfall  and 
drainage,  and  for  convenient  access  (or  scavenging  ; 
the  materials  and  consti'uction  must  be  such  as  to 
prevent  absorption  or  leakage,  and  there  must  be  no 
connection  with  any  drain. 

(o)  Aihpit*  must  not  be  constructed  within  6  feet 
of  any  dwelling,  public  building,  or  place  of  buaine^ 
nor  within  {50  1)  feet  of  any  water  likely  to  be  used 
for  dinnking  or  domestic  purposes,  etc.,  nor  othei'wise 
in  such  a  position  as  to  entail  danger  of  the  pollution 
of  such  water.  Ashpits  must  be  so  placed  and  con- 
structed as  conveniently  to  allow  of  scavenging  without 
carrying  the  contents  thixjugh  any  dwelling,  public 
building,  or  place  of  business.  The  capacity  must 
not  exceed  6  cubic  feet  or  such  less  capacity 
as  may  suffice  for  a  period  not  exceeding  one  week. 
The  walls  must  be  of  flag,  slate,  or  brick,  at  least 
9  inches  thick,  and  rendered  inside  witli  cement ; 
the  floor  must  be  ilagged  or  asphalted,  and  raised  at 
least  3  inches  above  the  ground  level.  The  ashpit 
must  be  roofed  and  ventilated,  and  pi'ovided  with 
a  door  so  arranged  as  to  allow  of  convenient  re- 
)vat  of  the  contents,  and  to  allow  also  of  being 
I  closed  and  fastened.  The  ashpit  must  not  be  con- 
I  Dected  with  any  drain. 

P  (p)  Cesipooh  must  not  l>e  constructed  within  {50 1) 
lifeet  of  any  dwelling,  public  building,  or  place  of 
jttusineBS,  nor  within  (100  1)  feet  of  any  water  likely 
Ito  be  used  for  drinking,  or  domestic  purposes,  or  for 
1  manufacturing  drinks,  or  otherwise  in  such  a  position 
I  as  to  entail  danger  of  pollution  of  such  water.  Oess- 
K.^ooIs  must   be   so    constructed    and    placed  us   con- 

*  Tlie<a    lUmeDHions   ate   bjued    upon    Ibe    ansttmVilDu^  °t  -vvO^ 
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veniently  to  admit  of  scavenging  and  cleansing  without 
carrying  the  contents  through  any  dwelling,  public 
building,  or  place  of  business.  They  must  not  be 
connected  with  any  sewer.  They  must  be  covered 
over  by  an  arch  or  otherwise,  and  adequately  venti- 
lated ;  and  must  be  constructed  of  brick  in  cement, 
rendered"  inside  with  cement,  and  with  a  backing  of 
at  least  9  inches  of  clay. 

(cj)  Closure  of  premises  unfit  for  occupation, — The 
S.A.  may  under  certificate  from  the  M.O.H.  or 
Surveyor,  declare  any  building  or  part  of  a  building 

erected  after unfit  for  habitation,  and  order  it  to 

be  closed  until  rendered  fit  for  habitation.  Oppor- 
tunity must  be  given  to  the  owner  to  show  cause  why 
such  order  should  not  be  made. 

(r)  Plans  and  sections  must  be  submitted,  showing 
in  detail  the  construction  of  all  proposed  new  streets 
or  buildings.  (The  Public  Health  Act,  s.  158,  requires 
that  the  S.A.  shall  signify  their  approval  or  dis- 
approval of  the  plans  within  a  month  after  receiving 
them.) 

{s)  Inspection. — Notice  must  be  given  to  the  Sur- 
veyor of  the  dates  upon  which  work  is  to  be  com- 
menced, and  upon  which  any  sewer,  drain,  or  founda- 
tion is  to  be  covered  up  ;  notice  must  also  be  given  of 
the  completion  of  the  work.  Free  access  for  inspection 
must  be  afforded  to  him  at  all  times  during  the  pro- 
jjress  of  the  work. 

(t)  Demolition  of  illicit  works. — If  any  work  to 
which  the  byelaws  apply  is  done  in  contravention  of 
such  byelaws,  the  S.A,  are  empowered  to  remove, 
alter,  or  pull  down  such  work.* 

*  The  Model  Byelaws  contain  no  provision  for  the  sewerage  of  new 

streets,  owing  to  the  wide  variation  in  the  conditions  indifferent  localities. 

"  /t  may  be  doubted  whether  any  powers,  which  under  such  bye-laws  maj 

he  laviWiWy  assumed  by  Sawitary  Authorities,  will,  as  regards  extent  and 

etiicacy,  compare  wit\»  l\\e  \>ovfeTa\\\\\c\\\.\vt^  vXetw^^tcsmthe  express  pro 

visions  of  the  Public  Hei\\U\  A.c\-."— 'L».Qt."fi».CVTcu\aTlo  \3T\)atv.^.fc^. 
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S.  SlniiKbter-boiises. 

(a)  LioencBs. — Applications  for  licence  of  existing 
premises,  or  erection  of  new  slauglit«r-hoiiHes,  must  be 
uude  upon  a  speciiiecl  form,  and  must  include  full 
particulars  a.s  to  the  position,  iovm,  area,  cubiu  space, 
etc.,  of  the  buildings  and  appendages ;  materials  and 
construction  of  walls  and  iloors ;  means  of  water 
supply,  drainage,  lighting,  and  ventilation  ;  means  of 
access  for  cattle ;  number,  position,  and  size  of  stalls 
or  laira,  and  number  of  animals  to  be  accommodated 
therein,  distinguishing  oxen,  calves,  sheep,  and  s' 
The  boundaries  must  also  be  shown,  and,  in  the 
of  old  premises,  particulars  as  to  the  ownership  and 
the  applicant's  tenure  must  be  given. 

(6)  RcgiBtration.- — If  the  8.&.  approve  theapplii 
tion,  a  licence  shall  be  issued  to  the  applicant,  and 
must  be  registered  by  him  at  the  office  of  the  S./ 

(c)  Innpeclion.—YPM  access  to  every  slaughter- 
house for  the  purpose  of  inspection  must  be  afforded 
at  all  reasonable  times  to  the  BC.O.H.  Inspector, 
Surveyor,  and  Committees  appointed  by  the  S.A. 

{d)  Water  must  be  supplied  to  every  animal  kept 
in  a  lair  prior  to  slaughter. 

(e)  Mode  of  glaughter. — Cattle  must  be  secured  by 
the  head  so  as  to  be  felled  with  as  little  pain  as  prac- 

{/)  Drainage,  taater  sappli/,  and  ventilation  must 
be  kept  in  efficient  order, 

{g)  Cleanliness.- — The  walls  and  floor  must  be  kept 
in  good  order  and  repair,  and  must  be  thoroughly 
cleansed  within  three  houi-a  after  £m.y  slaughtering 
the  walls  and  ceiling  must  be  limewashed  within  the 
first  ten  days  of  March,  June,  September,  and 
December  respectively. 

(A)  Animals  not  to  be.  iepf.— No  ,dog  may  be  kept 
in    11    slaughter-house:  nor   other    aniwal,  un-Wsa  v>"v- 
^lended  for  .slaughter  upon  the  prcnuaea,  si™^  "Co^tv  oi^'S 
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in  proper  lairs,  and  not  longer  than  may  be  necessary 
for  preparing  it  for  slaughter  by  fasting  or  otherwise, 
(i)  Removal  of  refuse. — Suitable  vessels  mkde  of 
non-absorbent  materials,  and  provided  with  close- 
fitting  covers,  must  be  provided  for  the  reception  of 
blood,  manure,  garbage,  and  other  refuse;  all  such 
matters  must  be  placed  in  these  vessels  immediately 
after  the  slaughtering ;  the  refuse  must  be  removed 
within  24  hours,  and  the  vessels  forthwith  cleansed. 
All  skins,  fat,  and  offal  must  be  removed  within  24 
hours. 

*'  The  Board  have  considered  that  the  statutory  terms  do 

not  warrant regulations  directly  affecting  the  structure 

of  the  premises.     But in  the  exercise  of  the  discretionary 

power  of  licensing  which  has  been  conferred  upon  the  S»A», 
the  following  rules  as  to  site  and  structure  should  influence 
their  decision  upon  each  application  for  a  licence  :  — 

"1.  The  premises should  not  be  within  100  feet  of  any 

dwelling-house ;  and  the  site  should  be  such  as  to  admit  of  free 
ventilation  by  direct  communication  with  the  external  air  on 
two  sides  at  least  of  the  slaughter-house. 

"  2.  ijairs  for  cattle  in  connection  with  the  slaughter-house 
should  not  be  within  100  feet  of  a  dwelling-house. 

"  3.  The  slaughter-house  should  not  in  any  part  be  below 
the  surface  of  the  ground. 

"4.  The  approach  to  the  slaughter-house  should  not  be  on 
an  incline  of  more'than  one  in  four,  and  should  not  be  through 
any  dwelling-house  or  shop. 

"  5.  No  room  or  loft  should  be  constructed  over  the 
slaughter-house. 

"6.  The  slaughter-house  should  be  provided  with  an 
adequate  tank  or  other  proper  receptacle  for  water,  so  placed 
that  the  bottom  shall  not  be  less  than  six  feet  above  the  level 
of  the  floor  of  the  slaughter-house. 

"  7.  The  slaughter-house  shall  be  provided  with  means  of 
thorough  ventilation. 

"  8.  The  slaughter-house  should  be  well  paved  withasphalte 

or  concrete,  and  laid  with  proper  slope  and  channel  towards  a 

gulley,  which  should  be  properly  trapped   and  covered  with  a 

grating,   the  bars  of  which  should  not  be  more  than  three- 

e/ghths  of  an  inch  apart.    Y\o\\s\otv  Iot  V\v^  ^€<ictual  drainage 

of  the  plaushter-boviae  sYio\3i\vi^\&o\i^TvWi^. 
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"3.  The  Barface  of  the  walla  in  theinterioiof  the  skughter- 
houae  should  be  covered  with  hard,  uDootih,  imperi-ioua 
material  to  a  auffieiBnt  height. 

"10.  No  water-cloaat,  privy,  or  cesspool  ehoold  be  con- 
fltractad  within  the  Blaiighter-honse.  There  should  be  no 
direct  cammnnication  between  the  glanghter-houae  and  any 
stable,  water-cloaet,  privy,  or  cesspool. 

"II.  Every  lair  for  cattle  in  conOGCtion  with  the  Biaughter- 
house  should  be  properly  paved,  dniineil  and  ventilated, 

"No  hnbitabie  room  should  be  constructed  over  any  lair." 
— Ii.Q-.B.,  Meiitoranduia. 

6.  Honses  let  inlodBinKs(ar"tencinenl8") 

— (a)  DeJimitiona.^A.  "  lodging-house "  ia  defined  as 
a  house  or  part  of  a  house  let  in  lodgings,  or  oacupied 
by  members  of  more  than  one  family.  The  "  land- 
lord "  is  the  person  letting  such  lodging-house,  or 
mititled  to  receive  the  profits  of  siysh  letting;  and  a 
Vlodger  "  ia  a  person  to  whom  any  room  or  rooms  iu 
'CQch  house,  or  patt  of  &  house,  have  been  let  for  his 
^illae  aud  occupation.  (6)  Limitation  as  to  dags. — 
(1)  On  a  rent  limit,  say  of  3a.  to  8s.  if  unfurnished, 
pt  5s.  to  lOs.  if  furnished  ;  or  ('!)  where  the  landlord 
jtesides  on  the  premises,  and  the  letting  ia  to  not  more 
.than  one  lodger,  (c)  Citbic  space. — A  room  used 
Sxclusively  aa  a  sleeping-apartment  ahall  not  he  so 
tued  at  any  one  time  by  a.  greater  number  of  persons 
(ban  will  admit  of  the  pi'oyision  of  300  cubic  feet 
«f  air-space  for  each  person  over  ten  years  of  agf, 
^uid  150  cubic  feet  for  each  pei-son  under  ten 
years.  A  room  not  exclusively  used  as  a  sleeping- 
room  shall  not  be  used  at  any  one  time  by  a  greater 
number  of  persons  than  will  ndmit  of  the  provision 
of  400  cubic  feet  of  air-space  for  each  person  over 
ten  years  of  age,  and  200  cubic  feet  for  each  person 
nder  ten  years.  {i{)  Landlord  to  furniak  returns. — 
'he  landlord  ahall,  if  required  by  the  S.A.,  furnish 
'le  following  particulars: — (1)  Number  of  rooms 
the    house;    (2)    uumbet    ot  toowvs,  V^  "wv  VAt 
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ings  or  occupied  by  members  of  more  than  one 
family;  (3)  the  manner  of  use  of  each  room;  (4) 
the  number,  age,  and  sex  of  the  occupants  of  each 
room  used  for  sleeping ;  (5)  full  name  of  the  lessee  of 
each  room ;  (6)  the  rent  payable  by  each  lessee,  (e) 
Inspection. — Facilities  for  inspection  shall  be  afforded 
to  the  M.O.H.,  Inspector,  or  Surveyor  at  all  times 
by  the  landlord  and  lodgers.  (/)  Closet  accom- 
modation. — The  landlord  shall  provide  sufficient  closet 
accommodation,  in  the  proportion  of  at  least  one 
closet  for  every  twelve  persons  of  the  maximum 
number  of  lodgers  allowed  by  the  byelaws,  and  main- 
tain the  closets  and  all  necessary  appurtenances  in 
efficient  order.  All  closets  must  be  kept  clean,  and 
supplied  with  dry  earth  (if  earth-closets)  or  water  (if 
water-closets)  as  i;aquired.*  (g)  Ashpits  must  be  main- 
tained in  repair  by  the  landlord,  and  must  be  kept 
clean  ;  no  filth  or  wet  refuse  must  be  thrown  into  an 
ashpit  designed  for  dry  refuse  only,  (h)  Cleanliness 
of  rooms. — The  floors  of  all  rooms  must  be  swept 
daily,  and  washed  every  week.  All  windows,  all 
wood,  stone,  or  metal  fixtures,  and  all  painted  surfaces 
must  be  kept  clean.  All  solid  or  liquid  filth  or  refuse 
must  be  removed  from  every  room  every  day,  and  all 
receptacles  thereof  cleansed,  (i)  Keeping  of  animals. 
— No  animal  must  be  kept  upon  the  premises  in  such 
manner  as  to  render  the  premises  filthy,  {j)  Water 
storage. — All  cisterns  for  storing  water  must  be  kept 
clean,  (k)  Ventilation. — The  landlord  must  maintain 
in  efficient  order  the  means  of  ventilation  of  all  parts 
of  the   house.     {I)  Anmial  cleansing   of  premises. — 

Every  year,  in  the  first  week  of  the  month  of  

the  landlord  must  cleanse  every  part  of  the  premises, 
and  whitewash  the  ceilings  and  walls  throughout  the 


*  Jf  \he  byelaws  respecUi^g  T\e.vi  atvtet?.  ciud  buildings  are  not  in  force 
in  the  d/strict,  those  of  tA^em  w\\\^*Yv  xe^^^x  \«  W«,  cv^\^■?^\\\Q\:\«\^  «\t  closets 
inny  he  introduceil  bcve. 
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house,  except  auifacea  to  wliicL  limewashing  may  l« 
imsnituble,  and  these  must  be  cleansed  and,  if  necessary, 
painted.  (m)  Ynrd  and  open  gpacfl«.— The  yard  and 
all  open  spaces  must  be  kept  clean  and  in  good  order. 
The  yard  must  have  a  hard,  impervious  parenient  laid 
upon  concrete,  and  aloped.  to  a  channel  leading  to  a 
trapped  guUey  grating ;  all  these  must  be  kept  in  repair 
by  the  landlord,  (ra)  VentilaCion  of  deeping-roonm. — 
The  window  of  every  sleeping-room  shall  be  kept  open 
for  an  hour  in  the  forenoon  and  an  hour  in  the  after- 
noon,  except  in  case  of  stress  of  weather,  or  occupation 
of  the  room  by  a  eick  person,  or  other  sufficient  reason, 
(o)  Infectious  diseases. — The  landlord  must  imme- 
diately give  written  notice  to  the  ^.O.H.  if  he  leams 
that  any  person  in  the  house  is  ill  of  an  infectious 
disease.  A  lodger  must  immediately  give  written 
notice  to  the  M.O.H.,  and  verbal  or  written  notice 
to  every  lodger  in  the  house,  if  he  has  renson  to 
believe  that  any  occupant  of  any  room  is  ill  of  an 
infectious  disease.  Where  a  justice's  order  has  been 
obtained  for  the  removal  to  a  hospital  of  a  person 
suffering  from  any  dangerous  infectious  disease,  hoth 
the  landlord  and  tlie  lodger  in  whose  tenement  such 
sick  person  ia  shall  take  such  steps  as  may  be 
requisite  on  their  respective  parts  for  the  safe  and 
prompt  removal  of  such  person ;  and  shall  adopt 
all  such  precautions  as  may  be  moat  suitable, 
accordance  with    any  instructions  of  the  M.O.H, 

Where  a  duty  imposed  upon  or  a  prohibition 
applied  to  the  landlord  of  a  lodging-house  ia  by  any 
byelaw  expressly  imposed  or  applied  subject  to  the 
provisions  of  these  byelaws,  proceedings  shall  not  be 
taken  against  him  for  an  offence  against  the  byelaW 

less  and  until  the  landlord,  after  service  upon  him 
a  notice  in  writing  from  the  Council,  signed  by 

i  M.O.H.,  or  clerk  of  the  authority,  rec^uiritift, b.v\Ct 
vithin  a  reasonable  time  specifteA  Vn.  ^\fe  woSA^a 
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comply  with  the  byelaw,  has  failed  to  comply  with  the 
byelaw  within  that  time. 

The  landlord  is  made  responsible  for  the  structural 
repair  of  every  part  of  the  premises,  for  the  efficiency 
of  the  closets  and  of  the  means  of  ventilation,  for  the 
annual  cleansing,  and  for  the  detailed  cleansing  of  all 
parts  (including  yards,  closets,  staircases,  and  passages) 
which  are  not  let  for  the  sole  use  of  one  tenant.  The 
tenant  is  responsible  for  the  cleanliness  and  manage- 
ment of  the  rooms  rented  by  him,  and  of  all  other 
parts  of  the  premises  of  which  he  has  the  sole  use. 

v.  Cemeteries. — (a)  Definitions. — A    "grave" 
is  defined  as  a  burial-place  formed  in  the  ground  by 
excavation,  and  without  any  internal  wall  of  brick- 
work or  stonework,  or  any  other  artificial  lining.     A 
"  vault "  is  an  underground  burial-place  of  any  other 
construction.     (6)  Vaults, — Every  vault  shall  be  en- 
closed with  walls  of  brick  or  stone,  solidly  put  together 
with  good  mortar  or  cement,     (c)  Common  graves. — 
Not  more  than  one  body  shall  be  buried  at  any  one 
time  in  a  grave  in  respect  of  which  no  exclusive  right 
of  burial  has  been  granted.     (Exception  is  made  in 
the  case  of  two  or  more  members  of  the  same  family.) 
Such  a  grave  shall  not  be  reopened  for  the  purpose 
of  a  further  burial  within  eight  years  after  the  burial 
of  a  person  aged  less  than  twelve  years,  nor  within 
fourteen  years  after  the  burial  of  a  person  aged  more 
than  twelve  years.     (Exception  is  made  in  the  case  of 
members  of  the  same  family.)     {d)  Miniinum  covering 
of  earth. — No  part  of  a  coffin  shall  be  buried  at  a  less 
depth  than  three  feet  below  the  ground  adjoining  the 
grave,  if  it  contains  the  body  of  a  person  aged  less 
than  twelve  years ;  nor  at  a  less  depth  than  four  feet 
if  the  age  of  the  deceased  was  over  twelve  years.      A 
layer  of  earth,  not  less  than  one  foot  in  thickness, 
shall  be  interposed  between  every  coffin  and  the  coffin 
nearest  to  it.     (e)  Closiire  of  'oaiilts* — K  coffin  buried 
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in  a  vault  shall,  within  twenty-four  hours  after  burial, 
be  wholly  and  permanently  embedded  in  and  covered 
with  good  cement  concrete,  not  less  in  any  part  than 
6  inches  in  thickness ;  or  wholly  and  permanently 
enclosed  in  a  separate  cell,  conatmcted  of  slate  ov 
tlag,  not  lesH  than  two  inches  thick,  and  jointed  in 
cement,  or  of  brii;k  in  cement,  and  in  such  maimer  as 
to  prevent  as  far  as  practicable  tlie  escajie  of  noxious 
gas. 

8.  nortunries. — The  only  provisions  of  sanitary 
importance  suggested  in  this  series  are  the  following  ; 
A  body  deposited  in  the  mortuary  shall  be  re- 
moved therefrom  for  interment  within days 

after  death ;  but  if  the  deceased  has  died  of  an  in- 
fectious disease,  the  body  shall  be  removed  for  inter- 
ment within days  after  death. 

An  L.O.B,  memorandum  makes  the  following 
general  suggestions  in  regard  to  constmctina  and 
management ; — 

The  buildings  should  be  isolated  and  unobtrusive, 
but  substantial,  structures  of  brick  or  stone.  Every 
chamlier  for  the  reception  of  corpses  should  he  on  the 
ground  6oor.  In  addition  to  such  chamber  there 
shoidd  be  a  waiting-room,  a  caretaker's  house,  and  a 
shed  or  onthousa  Every  mortuary  chamber  should 
lie  lofty,  and  there  should  be  a  ceiling  or  a  double 
roof,  with  an  intervening  space  of  eight  inches,  for  the 
sake  of  coolness.  The  area  should  be  sufficient  to 
allow  freedom  of  movement  between  the  slabs.  The 
windows  should  be  on  the  north  side,  if  practicable ; 
if  otherwise,  they  should  have  external  louvre  blinds. 
Xiouvres,  or  air  gratings,  imder  the  eavea  will  be  the 
best  means  of  ventilation.  The  pavement  must  be 
even  and  close,  and  a  cement  floov  is  preferable. 
The  slabs  should  be  of  slate,  and  3^  ft.  to  3  ft.  from 
the  door.  Water  sliould  be  laid  on  within  the  cKa.m- 
ber.      The  walls  and  ceil\i\g  s\\ovi\i  \ie.  snVvW-n*^**^ 


59<^        Hygiene  and  Public  Health,    [Chap.  xx. 

Inspector  of  Nuisances,  Surveyor,  or  any  committee 
specially  appointed  by  the  S.A.  on  that  behalf. 

10.  Hop-pickers.— (a)  Application. — These  bye- 
laws  apply  to  all  tents,  sheds,  barns,  or  other  places 
occupied  as  temporary  dwellings  by  hop-pickers,  but 
not  to  places  inhabited  throughout  the  year,  (b) 
Habitable  coiidition. — Such  temporary  habitations  are 
required  to  be  clean,  dry,  weatherproof,  and  to  be 
ventilated  and  lighted,  (c)  Closet  accommodation, — 
There  must  be  adequate  privy  accommodation  for  the 
separate  use  of  each  sex.  \d)  Water, — There  must 
be  a  sufficient  supply  of  good  water  for  drinking, 
cooking,  and  washing,  (e)  Cooking, — There  must  be 
a  separate  cooking-place  for  every  fifteen  persons 
authorised  to  be  received,  {f)  Area, — An  average 
floor  space  of  15  square  feet  must  be  allowed  for 
each  occupant,  but  two  children  under  ten  years  of  age 
may  be  counted  ae  one  adult,  {g)  Bedding. — Clean 
straw  or  other  suitable  material  must  be  supplied  for 
bedding,  and  renewed  as  required.  The  beds  must 
be  screened  off  in  places  occupied  by  adults  of  differ- 
ent sexes.  (Ii)  Cleansing, — The  premises  and  appoint- 
ments must  be  thoroughly  cleansed  immediately  before 
occupation,  the  internal  surfaces  limewashed,  and  all 
offensive  accumulations  cleared  away.  The  cleansing 
must  be  repeated  as  required  from  time  to  time 
during  the  period  of  occupation. 

(Similar  byelaws  may  be  made  in  respect  of  the 
accommodation  of  persons  engaged  in  picking  fruit  or 
vegetables.) 


CHAPTER    XXI. 

VITAL    STATISTICS. 

PopulatioD. — A  census  has  been,  taken  decennially 
since  1801,  and  gives  detailed  information  regarding 
eacb  county,  union,  registration  distiict  and  sub- 
district,  and  urban  district  The  chief  data  are  the 
total  number  of  inhabitants  in  each  area,  the  numbers 
living  of  each  sex  and  at  certain  age-periods,  and  the 
numbers  employed  in  certain  callingH. 

The  official  estimate  of  population  for  any  year  is 
made  by  assuming  that  increase  or  decrease  has  gone 
on  since  the  last  census  at  exactly  the  same  rate  as 
between  that  and  the  previous  census.  This  assumjj- 
tion  is  arbitrary,  and  seldom  accords  with  the  facts  as 
ascertained  by  the  next  census. 

If  a  population  of  100,000  in  agtven  year  becomes 
101,000  in  the  next  year,  the  estimate  for  the  third 
year  is  103,010,  not  102,000. 

If  p  ^  the  population  in  any  given  year,  and  r  ^ 
the  factor  of  annual  increase  (in  the  above  example 
r  :=  1  "Ol),  then  in  one  year  the  population  will  become 
p  X  r,  in  two  years  p  x  r^,  and  in  n  years  pxr^. 

The  census  is  taken,  not  at  the  middle  of  the  year,  but 
at  the  end  of  the  first  quarter.  Given  a  census  popula- 
tion of  3:  in  1891,  and  j/in  1901,  tlie  rate  of  decennicd 
that  of  annual  increase  a /*,  and  that  of 

quarterly  increase  a/-     Hence — - 

log.  y  —  log.  X  ^  log;,  rats  o:E  deceimial  iacrensa, 


=  log.  rate  oi  i\\iB.TWi-g  Wsieasfe. 
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Thus  the  logarithm  of  the  estimated  mid-year  popula- 
tion for  1901  is,  log.  y  +  ^^^^-^^^^^  \  and  for  1908, 

log,  y  -  log.  X          log,  y  -  log.  X 
^^«-  y  +         10x4        +  ^ i^ • 

The  following  calculation  of  the  mid-year  1905 
population  from  census  data  of  1891  and  1901  may 
serve  as  an  example  : — 

(a)  The  census  population  of  1901  was  100,970;  \  ^  aa^iqo.i 

log.  100,970  =  /^*""*^*''^* 
{b)  The  census  population  of  1891  was  87,842;  \  .  0^01,^00 

log.  87,842  =  )  *  94d7022 
{c)  By  subtraction,  the  logarithm  of  decennial  \  A.Agn4QAo 

increase  was,  therefore       .         .         .        .  j 
(d)  Dividing  by  10,  the  log.  of  annual  increase  \  a. 0050490 
is  obtained =  i     ""o"*''" 

{e)  Again  dividing  by  4,  the  log.   of  ?*«*»*^<^^y  \  0*0015122 
increase  is  obtained    .        ,         .        .      =  j 

(/)  Adding  together  log.  1901  census  population  \ 

(a),  and  log.  quarterly   increase  (6),   and  f  ..^29901 7 
four  times  log.  annual  increase  (rf),  we  get  ( 
the  log  of  1905  mid-year  population   .     =  ) 

And   on   referring  to   the  tables,  the  number  corre- 
sponding to  this  logarithm  is  found  to  be  107,128. 

There  are  obvious  limitations  to  the  value  of  such  an 
estimate.  The  rate  of  increase  is  not  the  satno  in  the  centre  of 
a  town  as  in  the  growing  suburbs.  New  houses  are  springing 
up  and  becoming  inhabited  in  the  latter,  apart  from  the 
"natural  increase"  by  excess  of  births  over  deaths;  while  in 
the  former  there  may  even  be  an  actual  decrease  of  population, 
owing  to  the  displacement  of  dwellings  by  business  premises. 

If  the  estimate  is  very  wide  of  the  mark,  some  indication  of 
this  may  be  given  by  an  apparently  excessively  high  or  low 
birth-rate  and  death-rate  ;  by  the  number  of  inhabited  houses,* 
as  ascertained  from  the  rate-books  or  other  sources ;  by  returns 

•  The  average  number  of  persons  per  inhabited  house  is  fairly  constant 

for  each  locality,  though  varying  considerably  in  different  towns,  accord- 

ing  to  the  proportion  of  **  tenemewl  \\ov\ae»"  blxv«\  \\r»\\i?.ft%  occupied  by  one 
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of  those  who  by  migiBtiuD  have  evadod  VB.^ciiiatioii ;  by  returns 
of  school  attendance  ;  or  by  ioference  from  ths  aiodition  of  the 
local  mduetries.  In  viUagos,  where  the  local  conditions  are 
Well  known,  a.  better  estimiLte  can  sometimea  be  made  from 
•ucb  data  than  from  calculatione  baaed  npoa  a  remote  cemsos. 

The  actual  increaee  is  dependent  upon  the  balance  between 
births  and  immigratioll  on  the  One  hand,  and  deaths  find 
smignition  on  the  other.  The  excess  of  birtha  over  deaths  ia 
termed  the  "natural  incresao."  Aa  regards  toirns.  the  atluai 
ia,  upon  the  average,  greater  than  the  nalural  incraase,  since 
there  is  a  tendency  to  migration  from  rural  to  orban  distriota. 
In  times  of  depression  of  local  trade  there  is  emigration  to 
•ther  districts;  whereas,  when  trade  is  flourishing,  labour  is 
attracted  from  rural  districts  and  from  other  towns. 

The  age-distribution  of  a  population,  ia  ascertftined 
by  each  census,  and  m&y  be  assumed  to  remain  con- 
tststnt  until  the  next  census ;  that  is,  the  rat«  of  increase 

asHunmd  to  be  uniform  at  all  ages.      There  are, 

wever,  very  material  differences  among  towns,  and 
between  town  and  country,  in  this  respect,  and  as  the 
-tendency  to  death  is  much  greater  among  the  very 
joung  and  very  old,  it  becomes  important  to  allow  for 
ibese  variations  in  drawing  inferences  from  death-rates 

to  the  health  conditions  of  a  community.  Owing 
io  the  immigration  of  young  adults  from  rural  diatriots, 
town  populations  almost  always  contain  a  larger  pro- 
poi'tion  of  persona  between  15  and  -15  than  is  found 
in  the  country  at  large ;  and  hence  a  higher  birth-rate 
tmd  (under  equal  health  conditions)  a  lower  death-rate 

J  to  be  expected  a  priori. 

Btrlhs  must,  according  to  the  Births  and  Deaths 
Registration  Act  of  1874,  be  registered  within  42  days. 
More  males  than  females  are  bom,  in  the  pro- 
portion of  nearly  104  to  100,  but  this  excess  ia 
aiminishing.  Owing  to  the  bigber  death-rate  among 
^nales,  the  survivors  of  the  two  Hexes  are  nearly  equal 
ilk  number  at  the  end  of  the  first  year  of  life,  and 
thenceforward  the  females  are  in  the  majority.  HW 
gitimate  births  form  less  than.  5  pet  (ift"[v^.  at'^Xift  \r."u^. 
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Still-births,  which  Farr  estimated  at  4  per  cent,  of  the 
total  births,  are  not  included  in  the  returns. 

The  Birth-rate  is  the  proportion  of  births  in  one 
year  per  1,000  persons  living ;  that  is — 

No.  of  births  in  the  year  .  ^^^ 


mid-year  population 


For  shorter  periods,  such  as  quarters  or  weeks,  the 
rate  is  calculated  on  the  assumption  that  the  like 
periods  throughout  the  year  would  yield  the   same 

proportion:  so  that  the  birth-rate  during  -th  part 
of  a  year  is — 

No.  of  births  durinfi:  the  period  in  question 

^— XXX  1,000. 

mid-year  population 

For  ordinary  purposes  it  is  sufficient  to  regard  the  year  as 
consisting  of  365  days,  or  52  weeks ;  but  if  greater  precision 
is  required,  the  astronomical  year  may  be  used — namely,  365  '24 
days,  or  52*177  weeks. 

The  English  birth-rate,  which  was  35*4  in  1871-80, 
declined  to  28*4  in  1903.  It  is  higher  in  towns, 
and  in  times  of  prosperity  ;  lower  in  rural  districts, 
and  in  times  of  depression  of  trade. 

A  sounder  basis  of  population  for  the  purpose  is  that  of 
women  at  agfes  15-45  ;  or,  still  better,  married  women  at  those 
ages  (with  exclusion  of  illegitimate  births,  the  proportion  of 
which  is  variable  and  decreasing,  and  averages  about  4  per 
cent,  of  the  total).  On  this  latter  basis  the  rate  per  1,000  was 
293  in  1870-2,  286  in  1880-2,  264  in  1890-2,  and  236  in  1900-2. 
Even  this  fails  to  take  account  of  material  differences  in  fer- 
tility at  the  several  ages  within  the  limits  stated. 

Deatlis  must  be  registered  within  five  days. 

Death-rates  are  calculated  in  the  same  way  as 
birth-rates,  but  certain  corrections  may  be  applied. 

Correction  for  non-residents. — The  deaths  of 
strangers  who  happen  to  die  in  the  district  should  be 
excluded.  Without  t\i\^  ciotx^^XKotiHXv^  tc\ie  rate  may 
he  seriously  overstated  \l  \)cv^  ^\%tYv^t  Qa\»X»:\Tv^  \^^ 
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infititutioaij  admitting  Hon  -  residents.  Similarly, 
deaths  of  residents  dying  outeide  the  district  should 
be  included. 

Correction /or  age  and  sex  diatrihution  is  made  by 
factor"  obtained  as  below,  ■which  is  greater  than 
tuiity  in  nearly  all  towna,  and  less  than  unity  in  rural 
■fliatricts,  Multiplying  the  local  death-rate  by  the 
fcctor,  the  corrected  local  death-rate  is  ohtained.  The 
Bomparative  mortality  figure  for  the  district  is — 

corrected  locai  doath-rBte  .  „„„ 

death-rate  lor  the  whole  country  ' 

A  alandard  death-rate  for  a  locality  is  the  death-rate  for  the 
■whole  conatry,  re-calculated  on  the  basis  of  the  laeat  age  and 
diatiibution,  and  may  he  found  as  followB.  The  age  aud 
distribution  permillian  of  both  local  aud  general  popufnfiaii 
aepacately  determined  from  census  data  aa  at  page  6 IS.  The 
irded  rieatlit  (in  the  whole  country)  are  distributed  in  the 

le  groups,  and  the  number  of  deaths  in  each  group  corrected 

to  the  proportion  of  the  local  to  the  general  population  a.t  thoiu 
"  If,  for  example,  the  males  living  at  a  given  group  of  agea 

permillionof  the  local  population  and  jf  per  million  of  that 
id  the  whole  country,  and  the  male  deaths  at  those  ages  are  in,  the 
Omrected  number  of  deaths  ia  wi  x  ^.  Adding  together  aU  the 
Wrrected  numbers,  we  have  a  corrected  total  a,  differing  from 
Hie  recorded  total  6  (of  deaths  iu  the  whole  country),  and 
jlppresenting  the  deaths  which  would  have  occtured  had  the  age 
.^d  Hex  distribiition  beon  the  same  as  that  of  the  locality, 
--  ■'--   -'andard  dealh-rate 


lor    ttie    looahty.      The    -, — r 1 — r-r :—  '^    the 

death-rate  of  whole  country 

fcetor  sought,  and  is  of  coorBc  equal  to-^. 

Urban  death-rates  are  higher  than  rural,  and  the 
eorrection  for  age  and  eex  distribution  increaaea 
tiie  inequality.  The  causes  of  this  are  complex,  and 
include  differences  of  occupation  and  mode,  al  '■cfe., 
iuid  tbf  fJirecfc  and  indirect  conftet^HftTiaea  "A  ^%ip*- 
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On  the  other  hand,  there  is  a  distinct  increase  in  the 
mortality  attributed  to  cancer,  diabetes,  suicide,  and  diseases 
of  the  nervous,  circulatory,  respiratory,  and  urinary  systems. 
It  is  probable  that  some  real  increase  has  occurred  in  respect 
of  nervous  and  circulatory  diseases,  and  perhaps  also  urinary 
diseases,  but  improvement  in  diagnosis  has  also  to  be  taken 
into  account. 

The  cancer  death-rate  in  1861-70  was  387  per  million,  in 
1871-80  473,  in  1881-90  589;  and  a  fairly  well  defined  area 
in  the  counties  of  Lincoln,  Northampton,  Huntingdon,  and 
Cambridge  yielded  exceptionally  high  rates.  Asfe- distribution 
of  population  is  important  in  this  connection,  since  the 
mortality  is  chiefly  at  ages  over  35.  The  increase  is  partly 
due  to  improved  diagnosis,  and  to  inclusion  of  forms  of 
malignant  disease  not  previously  grouped  with  cancer.  Recent 
researches  in  this  country,  while  showing  a  wider  difference 
among  lower  animals  than  had  been  suspected  {Bashford)^  have 
not  confirmed  the  suggestion  that  cancer  is  an  infective 
disease  due  to  micro-organisms.  Instances  are  met  with  of 
repeated  occurrence  of  the  disease  in  "  cancer  houses,"  but 
little  is  known  of  dependence  upon  dietetic  or  other  causes,  and 
no  special  preventive  measures  are  in  force. 

Zymotic  death-rate  is  a  term  formerly  applied  to  the 
aggregate  death-rate  from  the  "seven  principal  zymotic 
diseases "  —  small-pox,  measles,  scarlet-fever,  diphtheria, 
whooping  cough,  "fever"  (typhus,  simple  continued,  and 
enteric),  and  diarrhoea.  It  is  liable  to  great  fluctuation, 
according  to  the  epidemic  prevalence  of  one  or  other  of  the 
diseases  included.     (See  p.  600). 

Deaths  due  to  protracted  sequelae.of  acute  specific  diseases 
are  usually  credited  to  the  secondary  and  not  to  the  true 
primary  cause.  It  will  be  found  that  the  mortality  from 
bronchitis  and  pneumonia  is  increased  by  outbreaks  of 
influenza,  whooping  cough  and  measles,  and  scarlet-fever 
prevalence  is  followed  by  deaths  referred  merely  to  kidney 
diseases. 

Sex  has  an  important  bearing  upon  the  mortality 
from  certain  diseases,  owing  partly  to  differences  in 
constitutional  predisposition,  and  partly  to  exposure  to 
the  conditions  favourable  or  unfavourable  to  the  de- 
velopment of  the  diseases  in  question.  The  male 
mortality  exceeds  the  female  in  most  well  defined 
diseases    or    groups  oi   ^Lisei'^a^^^  V\"^  \}cv^\^   la^re    im- 
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portEDt  exceptions,  such  as  diphtheria,,  whooping 
cough,  erysipelas,  rheuraatiara,  cancer,  and  aniBmia 
(including  chlorosis  and  pernicious  amemia). 

Age  too  materially  affects  the  average  liability  to 
certain  diseases,  by  reason  of  physiological  changes, 
iCtjuired  protection,  and  degree  of  exposure.  Vac- 
cination completely  ulters  the  age-curve  in  small- 
tpox.  In  all  protective  diseases  the  acomiiulation  of 
^protected  survivors  must  be  allowed  for  before  any 
■  lessened  average  susceptibility  at  higher  affes  can  be 
/inferred.  The  maximum  mortaiity  from  small-pox, 
whoopiug  cough,  erysipelas,  and  diarrhcea  occara  in  the 
jfirst  year  of  life,  from  measles  in  the  second,  from  scarlet- 
aver  in  the  third,  and  from  diphtheria  in  the  fourth. 
\.  second  maximum  follows  in  small-pox  about  the  25tb 
,fear-  and  from  about  the  same  point  diarrhcea  mor- 
tality again  rises  until  the  end  of  life.  Phthisis  is  at 
ijts  minimum  team  the  5th  to  the  10th  year,  increases 
(^  to  the  45th,  and  afterwartls  diminishes.  Cancer 
iptortality  is  small  in  the  earlier  years,  but  in- 
■^reaaes  rapidly  from  about  the  35th  year  to  the  end  of 
p£&.  The  single  curve,withaminimumfrom  the  10th  to 
/^e  15th  year,  which  is  characteristic  of  tiie  total  death- 
l^tc,  is  cotamon  aho  to  the  mortality  from  nervous, 
aeapiratory,  digestive,  and  urinary  diseases,  and 
.violence ;  diseases  of  the  circulatory  system  increase 
,  rteadily  in  moi-tality  from  birth  to  the  end  of  life.  The 
lyarying  influence  of  age  is  seen  even  in  infancy. 

The  tmo  iDBui>ncG  of  sex  ami  ago  caimot  be  ascertained  Ijy 
riiims  of  mortality  alone.  The  mere  numbar  rif  dfuttha  at  eaeh 
n-period  cODveja  little,  mformatioii,  flince  the  numbera  living 
Sniniah  &s  age  advances.  Even  death-mtes  for  each  group 
ill  only  ot  the  liability  to  death,  but  nothing  ua  to  Iheincidenoe 
[  sicknesa  or  tha  chance  of  recovery.  The  TiiriationH  in 
wadenco  and  in  Mvority,  according  to  agB  and  mi,  are  not 
l*ay8  parsUel,  and  indeed  ace  often  invBtHo,  aa  in  swirlet- 
tver  and  anteiiu  Fever.  From  the  ninuheT  ol  persons  livint;,ot 
ind  at  PHch  age-period,  it  la  po»Ki\!\«  Vu  witviNKua,  Vst 
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each  sub-group,  (1)  the  incidence  of  disease,  that  is,  the  proportion 
of  attacks  to  population,  and  (2)  the  case-mortaliti/y  or  proportion 
of  deaths  to  attacks.  Evidence  as  to  incidence  of  disease  at 
different  ages  can  be  obtained  from  notification  returns,  but 
hospital  statistics  are  misleading,  since  age  materially  affects 
the  chances  of  removal  to  hospital.  As  regards  case-mortality, 
however,  both  hospital  and  notification  data  may  be  admitted. 

Statistical  evidence  of  the  health  of  com- 
munities.— The  usual  criteria  are  either  actual 
death-rates  (general,  "  zymotic,"  or  infant  mortality)  or 
figures  representing  the  average  longevity — namely, 
"expectation  of  life,"  "probable  duration  of  life," 
"  mean  age  at  death." 

The  corrected  death-rate  aflTords  a  simple  and,  in 
the  main,  accurate  measure  of  the  comparative 
prevalence  of  disease.  It  is  untrustworthy  if  the 
figures  are  so  small  as  to  be  exposed  to  violent  fluc- 
tuations ;  thus,  the  "  weekly  death-rate "  is  only 
useful  in  large  communities.  Other  sources  of  error 
are  (i)  uncertainty  as  to  population,  and  (ii)  severe 
epidemics,  which  may  have  no  known  relation  to 
impaired  public  health  in  general. 

The  zymotic  death-rate  is  a  popular  but  unsafe 
standard.  A  high  death-rate  from  enteric  fever, 
diphtheria,  or  diarrhoea  may  in  general  fairly  be 
taken  to  imply  a  defective  sanitary  state ;  but 
may  also  be  due  to  temporary  and  accidental  causes, 
such  as  climatic  conditions  or  accidental  contamina- 
tion of  milk  or  water.  Little  is  known  of  the  deter- 
mining causes  of  epidemics  of  small-pox,  measles, 
whooping  cough,  and  scarlet-fever  ;  but  their  predis- 
posing causes  are  all  widely  different,  and  are  for 
the  most  part  not  affected  by  what  are  known  as 
"  sanitary  conditions."  The  death-rate  due  to  such 
a  heterogeneous  group  denotes  simply  the  presence 
or  absence  of  grave  epidemics,  and  connotes  nothing 
as  to  the  health  condition  of  the  community  in  other 
1  espects. 
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Ii^ant  •niortalUy  is  iiifluein«d  chiefiy  by  tiie 
prevalence  of  epidemic  diarrhcea  in  early  autumn,  by 
epidemics  of  whooping  cough  or  measles,  and  by  the 
want  of  proper  care  and  management  on  the  part  of 
mothers.  It  ia  sometimes  high  in  towns  that  have 
a  low  general  death-rate ;  and  a  high  infant  death-i-ate 
cannot,  therefore,  be  regarded  as  necessarily  indicating 
a  high  tendency  to  death  among  the  rest  of  the 
population.  It  is  highest  in  those  towns  in  which 
the  causes  of  epidemic  diarrhcea  are  operative,  and,  as 
a  rule,  high  in  districts  where  female  labour  is  largely 
employed  in'  manufactures. 

The^AfAzsisrfeniA-rafe,  if  excessive,  indicates  damp- 
ness of  soil,  unhealthy  occupations,  or  overcrowding 
of  tenements.  The  death-rate  from  respii-atorj  diseases 
(other  than  phthisis)  is  also  important. 

The  mean  age  at  death  is  obtained  by  adding  up 
the  ages  and  dividing  by  the  number  of  deaths.  This 
is  a  very  rough  measure  of  longevity,  largely  con- 
trolled by  the  birth-r^te,  and  by  the  age-distribution 
of  the  population.  A  high  bii'th-rate  implies  a  large 
proportion  of  infant  deaths,  which  must  necessarily 
reduce  the  average  age  at  death. 

The  probable  duration  of  life  ia  the  age  at  which 
exactly  half  of  any  given  number  of  children  bom 
wjll  have  died.  It  can  only  be  ascertained  from  a 
life-table,  and  is  of  no  great  value.  The  probable 
duration  of  life  for  males  is  about  51-2,  and  for 
females  56-7  years. 

The  expectation  of  life,  at  any  age,  is  the  average 
number  of  years  which  a  person  at  that  age  will  live, 
as  shown  by  a  life-table.  The  expectation  of  life  at 
age  0 — i.e.  at  birth — -is  also  known  as  the  viean 
duration  of  life.*     At  other  ages  than  the  time  of 
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birth  it  is  sometimes  termed  mean  after-lifetime,  and 
the  present  age  plus  the  mean  after-liJEetime  is  the  age 
to  which  a  person  may  expect  to  survive. 

The  expectation  of  life  is  the  true  measure  of  the 
vitality  of  a  community.  The  expectation  at  birth  is 
the  most  convenient  for  comparative  purposes,  but  if 
necessary  we  can  eliminate  the  influence  of  infant 
mortality  by  taking  the  expectation  at  a  later  age. 

A  liife-table  shows  how  many,  out  of  a  million 
persons  supposed  to  be  born  simultaneously,  will 
survive  at  the  end  of  each  year  or  each  term  of  years. 
The  data  required  are  (1)  a  census  population — that 
is,  a  population  of  which  the  distribution  according 
to  ages  and  sexes  is  known;  (2)  returns  of  deaths 
(grouped  for  each  sex  in  the  same  age-periods  as  have 
been  adopted  for  the  census  population)  for  one  or  more 
years  among  this  same  population.  The  simplest  plan 
is  to  take  only  the  deaths  in  the  census  year,  when 
the  population  is  known  with  precision  ;  but  as  it  is 
important  to  obtain  large  numbers,  it  is  convenient 
to  use  the  death  returns  of  a  series  of  three  or  more 
years,  in  which  the  census  year  is  central.  Thus  the 
1901  census  population  may  fairly  be  assumed  to  be 
substantially  the  same  as  the  average  population  in 
tlie  years  1900-1-2.  A  still  better  method  is  to  take 
the  death  returns  for  a  whole  inter-censal  period,  and 
the  mean  population.  A  separate  table  should  be 
constructed  for  each  sex. 

Having  decided  upon  the  intervals  to  be  taken 
(annual  or  quinquennial),  the  first  step  is  to  ascertain 
from  the  census  returns  the  number  living  at  each 
group  of  ages,  and,  from  the  death  returns,  the  mean 
annual  number  of   deaths  among   each   group.       As 

middle  value  of  the  series.    The  fact  that  one  term  has  as  many  terms 
above  as  below  it  does  not  render  it  tlie  mean  of  the  series. 

The  "  mean  duration  ot  \\^e"  must  also  be  carefully  distinguished  from 
tlie  "  mean  age  at  deat\\ ."  Ti\\e  \a.tVt  «:^\>x«?>5»%\ciw  \s>  wot  employed  in 
re/erence  to  a  life-taVAe  popv\\aUo\i. 
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death-rate  for  that  group  of  ages  per  thousand  living. 
These  d  deaths  {among  1,000  living)  are  assumed  to 
be  evenly  distiibitted  over  the  whole  age-perioil  in- 
cluded ill  the  group,  ko  tLat  half  ( i.«.  -- 1  will  occur  in 
the  earlier  half  of  the  ages,  and  lialf  in  the  later,* 
Hence  the  1,000  persona  are  regarded  as  decreasing 


\ 


from    1,000  +  -    at  the  beginning  of  the  period  to 

j,000  -  -;  at  the  end  of  it ;  and  the  ratio  of  tlic  final 

to  the  initial  population  \s  (l,000-  -)  :  1,000+    - 

r  "' Having;  found  the  value  of  this  ratio  for 

2.000+ D  ° 

3  or  group  of  ages,  we  have  all  the  data 
y  for  the  construction  of  a  life-table. 
For  the  Brst  year  of  life  the  formula  ia  not  required. 
P  If  the  infant  mortality  (deaths  under  1  year  of  age 
I  per  1,000  births)  be  300,  it  is  evident  that  1,000,000 
I  persons  at  birth  (i.e.  living  at  the  commencement  of 
I  the  year  in  (juestion)  will  be  reduced  to  800,000 
I  iduring  the  year.  The  number  commencing  the  second 
Vjrear  is  800,000;  taking  the  death-rate  during  that 
I  year  of  age  as  65  per  thousand  living,  the  formula 
V  ,  2,000-6S  1,935         ,  ,        ,  ,   -      , 

[  becomes  -—-— -— r,  or  -— -.,  and,  as  ali-eady  explained 

}  2,000-f-66'  2,06o'  '  ■'        ^ 

the  800,000  living  at  the  beginning  of  the  second  year 
I      -1.  1         ,       T  .     800,000  1,035  »,„„-,■.    ,  ■, 

I  -wtII  be  reduced  to   — -       x    ^--z,  or  749,637  at  ita 

r  dose.     In  like  manner  are  determined  the 


'  In  other  wonlB,  "the  niiinbiTortlieliviog  In  »ny  yeiu  otthoiroge  to 
IrittanstlitHl  mian  pruuii'tLDiiii]  bstweau  the  uniDbBCH  thlt  aUDDally 
■r upon  and  that  nnnDnnyuomiikte  that  jenr"  (Maiie,quuteil  by^'uri. 
K  *n  BBrtlBr  hypntbesis  (Tin  MoUni'H)  nasiimrd  tbat  tiia  wawSm*  ^^"^'*i, 
EiHieiuKd   iu   sriri.iiielJH.1   |it(«r6S*k.n  i1i™m  U,  pKiWftt  »*.  <^  w?.  >fl 
K'i4(ji  tf-ilx  yenri. 


rzz      _  ^"^      ^'''~rc  '   c 


IT   ii»r   Titii    Tc:tsc     s2iit    "aaar  :mt 


^rnita.  -nr  :3tt  ail  ir  iTy?M-i:ii»w  ^  ^■■am^  snciiL  'az 


IMIt7ttTV;4ltllltt 


1 1  ■«  n  •  •  >  ;^  <  1 1  f  I 


If    xtagfflfiTiTai     -it     sDVAkLiUMfL    5oa: 

iiLT  iC3*niT3is**i  ■scmgriniL    if  jm^pviirx   a?nii   tibebr 

•^fT^aiiL  •TTPft   Dennis :  a  Jfe-ouiie.  'HL  'i^  •ixiieT  "fc—**^ 
pmnr?  'jf  ^ihrie.  ^a-  zaiiier  if  mp^»  sut  iiiii&  •^nahifsf  tis  oa 


chsM.  XXI,]  Life-Tables.  605 

ty  addiniij  toi'ether  the  years  of  life  lived  tiirongh  by 
the  whole  of  the  life-table  poptdatioii  after  that  age, 
and  dividing  by  the  number  of  Eur\'ivora  at  age  a. 
Thus  to  find  the  exjiectation  of  life  at  fifty  jears  of 
age  in  males  according  to  the  1 88 1-90  life-taljle"(p.  620}, 
tlie  first  step  ia  to  add  together  the  numbers  surviving 
^  each  later  ago  ;  this  gives  the  nuinlwr  of  complete 
quinqueunia.  lived  thi'oiigh  =  1,693,842.  But  iu  addi- 
tion to  the  quinquennia  which  he  completes,  each  of 
the  517,63!)  males  surviving  at  age  30  lives  through 
some  portion  of  that  quinquennium  in  which  he  dies. 
By  a  further  application  of  Milne's  principle  this 
fraction  is  averaged  as  half  a  quinquennium,  and 
hence  we  have  to  add  517,6vl9  half-qainqucnniatothe 
1,693,842  quinquennia.  We  thus  get  a  total  of 
l,9S2,66I-5  quinquennia  oi-  9,763,307-5  yeara  of  future 
life;  and  this,  divided  among  the  51 7,63'.t  who  are  alive 
at  age  50,  gives  the  expectation  of  life  as  18*8  years. 

The  expectation  of  life  is  somewhat  greater  among 
females  than  among  males,  at  all  ages.  It  is  greatest 
in  both  aesea  at  about  three  years  of  age. 

Seasonal  variations.  —  Most  diseases,  and 
well-defined  groups  of  diseases,  have  a  fairly  constant 
relation  to  season,  and  present  characteristic  curves 
of  average  seasonal  mortality,  subject,  however,  to 
variation  iu  time  and  range  in  any  given  year. 
Many  of  ihem  have  an  obvious  relation  to  heat  and 
cold ;  thus  thei'e  is  a  winter  maximum  in  deaths 
from  apoplexy  and  diseases  of  lungs,  heart,  and 
kidneys ;  and  a  summer  maximum  as  regards  diar- 
_  rhiea,  tabes  mesenterica,  and  thrush.  Scarlet-fever, 
enteric  fever,  di]ihtheria,  puerperal  fever,  erysipelas, 
and  rheumatism  have  theii'  maximum  about  Nov- 
ember ;  small-pox  and  whooping  cough  have  a  spring 
maximum;  and  so,  too,  have  phthisis,  "convulsions," 
gout,  and  laryngitis.  Measles  has  a  dovibVe  ■f»va»«&ai. 
curve,  with  two  maxima  and  two 
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CiMMr  </f  Death. 


ftaail'K'X Janizj  to  Xaj. 

fJarirt^F^Ter Oeuther. 

ifuAAhiKrvL XcT., 

WW^a^Coo^ Mai^  Aprfl. 

EWttk:  YHft^SK  ......  SoTC^ber. 

Tfofao* JaBvaiy. 

ErjrMptrbK     -    - XoT.,  December. 

Pver^enJ  Ferer  -----  Jkoreaaber. 

Otkter  4eiiXb»  from  ehildbirtli  Dec,  JaanjiT7. 

rJaJj(4Uiweeki, 

DiarrlMBA       .-J    An^.    (Ist  and 

C  2cd  weeks,!. 

UheavoMtiMm Norember. 

▲]er>bolunn Jnlj. 

Ootit     -    -    - ApnL 

PhtbiNU ]bTeh,ApriL 

Apoplexy,  FanljKu      -  Dec  to  MMieh. 

Conmlskms Marcb. 

Dineases  of  CircuUtorj  System  Not.  to  January. 

Larynntis Marcb. 

Bronchitia     - -  January. 

Pneamonia Jan.  and  Mardi. 

Fleoriuy December. 

Kidney  Duieaee Nov.  to  ApriL 

Old  Affe Jannary. 


Dee.  to  Mar. 
Septeoiber. 


JnJ^,  Angast. 

Sei^emb^. 

An^Qs^ 

Aaff..8ept. 

Ang:nst. 

At^r^ist. 

Aogust. 

June  to  Au^. 

Jane  to  Oct. 


There  are  also  characteristic  seasonal  curves  of  mor- 
tality from  all  causes  at  certain  ages  : — 


A^eH. 


0-1 

1-5 

5-20 
Over  20 


MOBTALITT. 


Gr^itest. 


4tb  week  in  July  to 
2nd.  week  in  Autr. 

(1)  Feb.  to  April 

(2)  July,  August   . 
December   . 
December  . 


Least. 


April,  May,  June 

June,  July 
Septembcar  . 
Jaly,  August 
August 


Seasonal   Vakiat. 


The  Hiortality  at  ages  from  fi    to  20  shows  only 
^^  alight  exceaa  at  mid-wiater  and  a  sliglit  falliug 


] 
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at  mid-summer.  The  position  of  tlie  maximum  and 
minimum  points  remains  the  same  at  all  later  ages,  but 
a  rapidly  increasing  sensitiveness  to  cold  is  manifested 
by  a  wider  range  of  seasonal  curve.  Below  five 
years  of  age  a  similar  increase  in  sensitiveness  to 
climatic  conditions  is  found ;  but  the  greatest  danger  is 
from  heat,  not  from  cold.  From  one  to  five  years 
the  principal  maximum  occurs  in  the  early  spring, 
owing  to  seasonal  prevalence  of  whooping  cough  and 
measles ;  but  there  is  also  a  distinct  rise  in  July  and 
August,  due  to  diarrhoeal  diseases.  Under  one  year 
of  age  this  minor  elevation  becomes  an  enormous 
peak,  corresponding  to  the  diarrhoea  maximum. 

Occupation  and  mortality*  —  In  tracing, 
from  mortality  data,  the  influence  of  occupation 
upon  health,  it  is  necessary  to  make  due  allowance, 
for  sex-  and  age-distribution,  as  well  as  for  the 
inevitable  selection  of  the  more  robust  for  certain 
kinds  of  employment,  and  the  weaker  for  others. 

Comparing  the  results  of  the  1891  census  with 
the  mean  mortality  of  the  three  years  1890-1—2, 
Tatham  has  shown  that  among  the  whole  male  popu- 
lation aged  25-65  the  mean  annual  death-rate  is 
16  "3,  which  may  be  alternatively  stated  as  1,000 
deaths  among  61,215  persons.  The  age- distribution 
of  the  61,215  is  that  of  the  whole  male  population  of 
the  25-65  age  period,  and  it  is  found  that  there  are 
22,586  aged  25-35,  17,418  aged  35-45,  12,885  aged 
45-55,  and  8,326  aged  55-65.  The  rates  of  mortality 
from  the  several  causes  (such  as  phthisis,  accident, 
etc.)  can  also  be  stated  in  figures  the  total  of 
which  is  the  1,000  which  represents  the  entire 
mortality. 

In  like   manner  the  smaller  statistics  of  persons 

engaged  in  different  occupations  are  dealt  with,  and 

III  order  to  arrive  at  comparable  results  the  standard 

aire-  and  sex-distriWlVoiv  ^\«l^  \.o  \>^  ^^'sRivN^i^.    Thus, 
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as  ragawls  the  earthenware  manufacture  it  is  ascer- 
tained from  the  census  i-etuma  how  many  male 
potters  are  living  at  each  of  the  four  age-decennia 
between  25  and  65;  and  from  the  death  returns 
■what  is  the  annual  number  of  deaths  among  male 
potters  at  each  age  decennium.  It  is  then  easy  to 
calculate  the  annual  number  of  deaths  among  22,686 
wtters  aged  25-35,  17,418  aged  35-45,  12,885  aged 
")-55,  and  8,326  aged  55-65,  making  up  the  standard 
population  of  61,215.  The  sum  of  these  deaths, 
vhich  among  "all  males"  was  1,000,  in  1 
lihe  potters   reaches    1,706.      These   are   comparable 

OCCUPATIOM, 
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figures,  and  in  the  same  way  comparable  data  as  to 
mortality  from  phthisis  and  other  special  causes  can 
be  obtained  for  each  occupation.  A  few  examples 
are  given  on  page  609. 

The  following  list  shows  the  comparative  mor- 
tality figure,  calculated  in  the  same  way,  for  a 
number  of  other  occupations : — 


All  Males 

.  1,000 

Occupied  Males   . 

953 

Unoccupied  Males 

.  2,216 

Clergy 

533 

Gardeners    . 

553 

Teachers 

604 

Hosiery  Manufacture 

698 

Tjace  Workers 

709 

Tanners 

756 

Artists 

.      778 

Lawyers 

821 

BlackKmiths 

914 

Shoemakers 

920 

Commercial  Travellers 

961 

Medical  Men 

966 

Shopkeepers  generally 

973 

Law  Clerks 

1,070 

Hairdressers 

1,099 

Hatters 

1,109 

Musicians    . 

1,214 

General  Labourers 

1,221 

Iron  and  Steel  Manu- 

facture 

1,301 

Chimney  Sweepers 

1,311 

Phthisis  and  respiratory  diseases  cause  a  high 
mortality  among  debilitated  persons,  especially  those 
exposed  to  weather,  to  hot  or  impure  air,  and  to  cer- 
tain forms  of  organic  or  inorganic  dust.  Hence  the 
mortality  from  these  causes  is  high  among  coster- 
mongers,  cutlers,  file- makers,  potters,  printers,  and 
highest  of  all  in  Cornish  tin-miners.  The  com- 
paratively low  mortality  from  phthisis  among  coal- 
miners  may  be  attributed  to  the  particles  of  coal 
being  comparatively  free  from  sharp  angles  and  hence 
less  irritating  than  stone  or  metallic  dust  (Hirt). 
The  same  immunity  from  phthisis  has  been  observed 
among  coal-miners  in  other  countries,  but  it  must  not 
be  forgotten  that  the  nature  of  the  employment 
excludes  weakly  persons,  and  that  coal-mines  are  well 
ventilated. 

Nervous    diseases    cause    excessive    mortality    in 
occupations    associated  ^Vt\v   «\ciCi\\<A  ot  Wd  \    the 
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most  fatal  occupations  in  this  respect  we  those  of 
innkeepers,  glass-makers,  file-makera,  and  lead- work- 
ers. The  incidence  of  gout  and  of  fatal  kidney 
diseuae  is  very  similar.  Mortality  from  diseases  of 
the  liver  is  in  the  main  associated  with  mortality 
from  alcoholism,  both  being  high,  for  example,  among 
commercial  travellers,  butchers,  brewers,  and  inn- 
keepers. Suicide  also  has  a  fairly  close  relation  to 
iji  temperance. 

Diseases  of  the  circulatory  system  are  most  fatal 
among  costermongers,  cabmen,  brewers,  publicans, 
potters,  cutlers,    file-makers,    and    workers  in  glass. 

These  figures  tend  to  establish  a  relation  between 
intemperance  and  diseases  of  the  heart,  liver,  kidneys, 
and  nervous  system,  and  also  phthisis,  gout,  and 
suicide.  Lead  jraisoning,  similarly,  is  seen  to  be  asso- 
ciated with  diseases  of  the  kidney,  heart,  and  nervous 
system,  and  also  with  gout. 

Value  of  statistical  series  and  avcraifes.— 
The  inean  or  average  of  a  series  of  immbera  is  a  number 
which  hes  between  the  greatest  and  least  of  these,  and 
stands  in  a  definite  dependence  upon  the  whole  of  the 
aeries  {liadicke).  There  are  several  kinds  of  means. 
Thus,  if  the  series  consists  of  four  numbers — namely, 
a,  b,  e,  and  d — we  have 


The  arithmeiie  mean,  or  simple  avcragt^, 
Tha  fftonutrie  mean,    V_  i     j 


«+6+^+d 


v-= 


When  the  terms  of  the  aeries  are  et^ual,  all  kioAi 
means  are  also  equal  ■  but  \i  ottveT"«\aB,  \his  o^^.&ct.'uiri 
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is  the  highest,  then  the  arithmetic,  geometric,    and 
harmonic,  in  the  order  stated. 

The  simple  average,  or  arithmetic  mean,  is  by  far 
the  most  generally  adopted,  and  mainly  in  three  classes 
of  cases : — 

\.  As  a  pwre  average ;  for  example,  the  average 
age  of  a  number  of  persons.  The  terms  are  exact, 
and  the  '^  mean "  has  no  significance  as  regards  any 
individual.  Thus,  the  ages  of  ten  persons  whose 
deaths  were  attributed  to  diarrhoea  might  be  1,  1,  1,  1, 
71,  71,  1,  1,  1,  71  ;  and  those  of  ten  who  died  from 
enteric  fever  17,  18,  26,  29,  25,  20,  16,  19,  24,  26. 
These  two  series  have  nothing  in  common  as  regards 
the  individuals,  but  the  average  of  each  is  22.  The 
mean  temperature  of  a  day  or  year  is  a  simple  average 
of  the  observations  which  are  taken  into  account 
Similarly,  if  we  mix  together  equal  volumes — say, 
an  ounce  of  each  —  of  four  saline  solutions  con- 
taining respectively  10,  20,  30,  and  40  grains  of  salt 
per  ounce,  the  whole  will  contain  25  grains  per 
ounce. 

2t,  As  a  probable  true  value  of  a  definite  quantity, 
— Given  two  results  equally  likely  to  occur,  the  fre- 
quency of  the  one  becomes  more  and  more  certainly 
equal  to  that  of  the  other,  in  proportion  as  the  number 
of  observations  increases.  If  a  coin  be  tossed  1,000 
times,  it  is  improbable  that  heads  will  turn  up  much 
more  or  much  less  than  500  times  ;  but  with  only  10 
trials,  there  is  little  certainty  of  approximate  equsdity. 
If  in  a  given  series  of  measurements  of  a  fixed  quan- 
tity (an  angle,  for  instance),  the  errors  of  experiment 
are  exactly  as  likely  to  be  in  excess  as  in  deficiency, 
these  errors  will  neutralise  each  other  if  we  take  the 
mean  of  a  sufficiently  large  number  of  observations. 
An  error  of  magnitude  a;  in  a  single  observation  will 

affect  the  mean  to  t\ie  ^^t^\it.  ^i^^in  a  series  of  ten  ob- 
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BervatioiiB,  but  only  ■Tmi  *"  ^  series  of  a  thousand 
terras.  The  more  extended  the  aeries,  the  greater 
the  probability  of  accuracy,  which  increases  as  the 
square  root  of  the  number  of  observations. 

If  the  meaaurementa  are  of  equal  precision,  a 
closer  but  less  simple  approximation  to  the  probable 
trae  yalue  sought  may  be  obtained  by  adopting 
the  principle  of  least  squares  .■  that  is,  by  finding 
Buch  a  mean  value  that  the  sum  of  the  squares  of 
the  residual  errors  of   the    observations  sbaJl   be   a 


3,  As  a  probable  value  of  a  variable  quantity  de- 
termined under  average  conditions  ;  for  example,  the 
average  daily  excretion  of  urea,  as  determined  by  a 
series  of  moi-e  or  less  ejtact  measurements  under  vary- 
ing conditions  as  to  food  and  exercise.  In  vital  statis- 
tics absolutely  tixed  points  are  of  rare  occurrence,  and 
most  of  the  problems  belong  strictly  to  this  class. 

It  may  be  impoi-tant  to  determine  the  value  of  a 
series  of  observations  ;  that  is,  how  far  the  meEui  is  a 
trustworthy  approximation  to  the  true  value  sought.  As 
already  explained,  the  value  of  a  series  increases  with 
the  number  of  observations,  and  with  their  equality. 
Another  test  is  that  of  "successive  means.''  For  this 
purpose  we  take   the    mean  of  the  first  two  terms 

(  ~Q~)'  "^^  "^  ^^^  *^''^  i  '  -i"  h  "^  *^^  ^*  ^*""" 
("tliJLij'),  „a  „  „,.  These  ".„cee..w.  m-n." 
may  vary  sharply  at  tirst;  but  presently  the  first  figure 
becomes  stationary ;  then  the  second ;  and  finally,  if  the 
series  is  suificiently  extended,  the  later  successive  means 
cease  to  vary  materially.  If  the  successive  means,  car- 
ried to  the  end  of  the  series  o£  terms,  do  not  attain  the 
required  degree  of  constancy,  tlie  series  is  too  wWrt.. 
fc        A  further  criterion  is  the  detetrama^vso.  ^t  '^^ 
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error  ;  that  is,  the  divergence  of  the  individual  terms 
of  the  series  from  its  mean.  The  mean  error  in  excess 
and  the  mecm  error  in  deficiency  are  simply  the  arith- 
metic means  of  the  errors  of  those  terms  which  fall 
respectively  above  and  below  the  mean  of  the  series. 
The  mean  error  of  ike  series  is  the  average  of  the  mean 
errors  in  excess  and  deficiency.  The  greater  the  mean 
error,  the  greater  is  the  need  for  an  extended  series  in 
order  to  compensate  for  the  uncertainty  of  each  ob- 
servation. Kadicke  prefers  to  adopt  the  quadratic 
mean  error  rather  than  the  arithmetic,  described  above, 
since  the  former  increases  more  rapidly  with  the 
inequality  of  the  terms. 

Multiplying  the  mean  error  by  '674:5  or  \  we  get 
the  probable  error,  so  called  because  it  is  probable 
that,  if  the  series  were  prolonged  indefinitely,  the 
errors  would  as  often  exceed  as  fall  short  of  this 
quantity. 

The  maodmum  error,  whether  in  excess  or  de- 
ficiency, is  useful  as  showing  the  possible  en'or  of  a 
limited  number  of  observations.  Another  way  of 
estimating  the  error  is  to  determine  the  ^^  error  of 
■mean  squared  In  a  series  of  n  terms,  Q  being  the 
quadratic  mean  and  A  the  arithmetic  mean,  the  "  error 

.  » .     Q-A 

of  mean  square     is  ;-- — ,. 

The  value  of  a  series  increases  as  the  proportion 
of  the  "error''  (of  whatever  kind)  to  the  mean 
diminishes.  The  relative  values  of  two  or  more  series 
vjiry  inversely  as  the  square  of  their  "  probable  errors." 

Statistics  are  often  presented  in  bulk,  and  the 
same  question  of  sufficiency  arises.  For  instance,  out 
of  6,288  reported  cases  of  scarlet  fever  2,861  are  at 
ages  under  live  years ;  are  these  numbers  sufficiently 
great  to  warrant  the  conclusion  that  the  proportion, 
4:b'b  per  cent.,  is  approximately  constant  1  Such  data 
are  really  the  sum  ox  «tVftTa.^<&  ol^wY^^^^^'^^^^v^^.^and 
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■tiieir  value  is  proportionate  to  the  square  root  of  their 
.magnitude.  PoUson  pro|M)se(l  to  measure  the  liftbility 
"0  error  thus ; — If  of  fx  observation  a,  m  are  in  one 
ategory  and  v,  in  other  categories,  and  m  +  )(  ^  {i, 
hen  tJie  true  proportion  of  the  in  category  to  the  tot*l 

1  lies  between   -   +  2    a/ — "   and  -    —  2    /\J  —^ ; 

^that    ia,  within   a  poasible    range   of   4    A/— ;-'    ^^ 


1  point  the  range  is  4  a/  _- 


2.861  X 


!£.', 


the  instance  ui  ^/uii..:  i.uo  .-lugc  .=  1  n^,  . — —-  ^gg;j— 

JJT  about  ■     Hence  the  indicated  proportion,  45 '5 

cent.,  is  liable  to  a  range  of  eiTor  of  3'6  per  cent, 
n  43'7  to  47'3. 

It  may  also  be  possible  to  divide  the  total  fi  into 
tvo  or  more  fairly  equal  partfi,  and  thus  ascertain  if 

Uie  proportion  —  is  approximately  constant  in  each. 

Such  constancy  would  tend  to  show  that  the  propoi-tion 
is  a  fixed  quantity,  and  not  a 

The  preceding  remarks  have  reference  mainly  to 
series  that  are  intended  to  show  by  their  i 
true  fixed  quantity.     Sometimes  they  are 
difterent    purpose^namely,    the    exhibition  of   pro- 
gresaive  cliangea  or  fluctnations.     Here  the  general 
considerations  as  to  magnitude  still   api»ly,  but  the 
detenu inations  of  "  error  "  have  no  significance  except 
in  regard  of  the  individual  terms  of  the  series.     It 
often  convenient,  for  the  purpose  of  comparing  1 
fluctuations  of  different  series,  to  adopt  Buehan  and    , 
Mitchell's  mel/iod — namely,    to  state  each  term  of  a  i 
series  as  a  percentage  of  the  arithmetic  mean  of  the  I 
series.     In  this  way  all  aeries,  whether  the  term 
large  or  small,  are  reduced  to  the  same  scale,  and  their  | 
true  differences  and  reBeiubla,iw«a  c 
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glance.      The  curves  in   Fig.  23   may  serve   as   an 
example. 

If  the  terms  of  a  series  are  based  upon  scanty 
statistics,  the  accidental  irregularities  may  be  so  great 
as  to  obscure  the  true  curve.  Some  degree  of  this  is 
evident  in  respect  of  diphtheria  in  Fig.  23.  A  clearer 
indication  of  the  general  outline  may  in  such  cases 
often  be  obtained  by  'Bloxam^s  method — that  is,  by 
substituting  for  each  term  the  mean  of  three  adjoining 
terms.  Thus  in  a  series  a,  5,  c,  d,  e,  f^  g,  etc.,  we  should 

substitute  (a), , , ,  etc.     This 

O  O  o 

treatment  is,  of  course,  arbitrary,  and  curves  so  con- 
structed are  not  to  be  regarded  as  exact  in  detail. 
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III.  Population.— England  and 

Walks. 

Population. 

Rate  of 
Decennial 
Increase. 

Females 

per 
100  Males. 

Density. 

Censns. 

Per 

Square 

Mile. 

Per 

Inhabited 

House. 

1861 
1871 
1881 
1891 
1901 

20,066,224 
22,712,266 
25,974,439 
29,002,625 
32,526,075 

11-9 
13-2 
14-4 
11-7 
12-2* 

105-3 
105-4 
106*5 
106-4 
106-9 

344 
390 
445 
497 
558 

5-4 
6-3 
5-4 
5*8 
5-2 

*  Highest  (23*1)  in  urban  districts  of  50,000  to  100,000,  diminishing  in 
each  direction  to  9*3  in  those  over  250,000  and  to  4*6  in  those  under  3,000. 

rv.  Age  and  Sex  Distbibution  op  Population  peb  Million, 
England  and  Wales,  Census  1901. 


Age- 
Periods. 

Males. 

Females. 

Total. 

Urban. 

Rural. 

0—6 

57,089 

67,223 

114,262 

114,348 

113,978 

5-10 

53,462 

53,747 

107,209 

105,555 

112,760 

10—15 

61,370 

61,365 

102,735 

101,147 

108,897 

15—20 

49,420 

50,876 

99,796 

101,080 

95,489 

20—25 

45,273 

50,673 

96,946 

100,291 

81,870 

25—36 

76,425 

85,154 

161,679 

167,697 

141,890 

35—45 

69,394 

63,465 

122,849 

124,282 

118,039 

45—55 

42,924 

46,298 

89,222 

88,368 

92,080 

55—65 

27,913 

31,828 

59,741 

66,642 

70,189 

(J5— 75 

14,691 

18,389 

33,080 

29,502 

45,080 

75    85 

5,080 

7,010 

12,090 

10.102 

18,768 

Over  85 

652 

939 

1,491 

1,186 

2,614 

All  Ages 

483,543 

516,457 

1,000,000 

1,000,000* 

1,000,000+ 

•  Males,  479,444  *,  females,  620,556. 
+  Males,  497,293 ;  females,  502,707. 

V.  BiBTH  Rates  and  Death  Bates,  England  and  Wales. 


Deccnnium. 

Birth 
Rate. 

Births  of  Males 

per  100  Births 

of  Females. 

Death  Rate. 

Infant 
Mor- 

Male. 

Female. 

TotaL 

tality. 

1851—1860 

1861-1870 

J871— 1880 

1881-1890 

1891—1900 

34-1 
85-2 
85-5 
82-4 
29-9 

104-6 
104-2 
108-8 

23-0 
23-6 
22-6 

\    Vi-^ 

21-8 

21-3 

20-0 

I    18-0 

\   \'\*'I 

22-4 
22-4 
21-3 
19-1 

154 
154 
149 
142 
I      154 
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C^y,^^ 

Uile. 

FomalB. 

CUIMIL 

Uale. 

Fonule. 

All  CSUKS 

a),21S 

18,006 

1,SI6 

,8M 

SKfe  ""•!: 

era 

SM 

IX.  Ekouhh  Lifb  Tablk,  Based  Upob  the  Stattstioh 

Of 

1881-90  (TathamV 

UiOoB. 

Fe,.«le,. 

Age 

1,000,000 

SurviTOEs 

■•-f.r 

1,000,000 
bom. 

188l^« 

1871-80 

IWfr^ 

18B1^ 

1871-80 

IS3WM 

0 

1,000,000 

43-7 

41-4 

"39^ 

1,000,000 

47-3 

"««" 

41-9 

S38,964 

51 '0 

4S-1 

^■7 

868,874 

532 

SO-I 

4fS 

2 

790,891 

53  0 

50-1 

48-B 

823,072 

£S-2 

51-S 

49-4 

3 

772,046 

53-3 

50-9 

49-e 

S04,142 

56-5 

5S-0 

BOS 

4 

760,167 

53'2 

oVO 

49-s 

791,973 

55-3 

SS-2 

50-4 

S 

751,484 

B2'8 

SU-9 

^-r 

783,244 

54 '9 

53-1 

BOS 

10 

733,477 

49-0 

4?-e 

iTl 

786,151 

511 

&-8 

4T-7 

15 

726,194 

44-5 

4S-4 

43-S 

759,062 

48-G 

4B-H 

43-9 

20 

712,556 

40-3 

so -4 

744,321 

42-4 

41-7 

40-S 

2a 

693,809 

36-3 

3G-7 

36-1 

734,788 

38-6 

3S-0 

37-0 

30 

669,279 

32-5 

Si-i 

3S-S 

700,049 

34 '8 

SI 

SS-8 

639,645 

38-9 

gs-e 

SS-4 

670,992 

31-3 

30-6 

40 

604,923 

35-4 

25-S 

mi-1 

638,912 

27-6 

srs 

srs 

4r> 

504,437 

22a 

SH-1 

sta 

604.007 

24-1 

S4-1 

£4-1 

18-8 

is-a 

m-s 

664,299 

20-6 

SO-? 

SOS 

55 

463,981 

15-7 

lli-0 

m-s 

616,375 

17-2 

ir-s 

TT-i 

3tNJ,400 

ia-9 

13-1 

13-5 

457  682 

14'1 

14-i 

14-S 

m 

322,482 

10-3 

lO-G 

10-S 

11-3 

11-4 

11-5 

ro 

238,632 

8-0 

s-s 

S-5 

299,220 

8-8 

9-b 

9-0 

7S 

153,S90 

6-1 

€■3 

6-S 

2M,208 

S7 

6-9 

6-9 

80 

80,023 

4-5 

4-S 

4-S 

114,536 

5-0 

6-t 

6-S 

29,866 

8-3 

3-6 

3-7 

48,133 

37 
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4-0 

HO 
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^  Jwthofeaae^  9)1 

Bti^Wnu   OBteritadis 

ieterosdM.  «S3 

<— 'pestis,  437 
Back'U>'\mek  hooaea,  177 
Bacteria  aad  diaeaa^  300 

in  air,  7 

in  milk,  US 

in  aa«aff««  S7, 257 

inaoU,  1« 

,  Fnthofeoie,  5» 

Bacterial  infoftion,  lOA 

traatmmt  of  aewace,  265 

Baeterioloflfical  labontonea,  473 
Ballard  on  diarrluBal  morUlitj, 

Bakehmiaea,  473, 556 
Barif  iron,  72 
Barlej,  150 
Barometera,  Aneroid,  28 

,  Gljoeriae,  *JS 

,  Mercurial,  25 

,  Water,  » 

Beaofort'a  acale,  31 
Beer,  151 

,  Araenic  in,  154 

Beegii^toa,  07 

BeU  trap,  236 

BeU'a  method,  130 

Beriberi,  440 

Berkefeld  filter,  50 

BUluurzia  lunnatoUa,  282 

Bird'a  iiroceaa,  260 

Birth-ratea,  503,  618 

a«  aflactiny  death-raiea, 

507 
Birtha  and  Deaths  Begiatration 

Act.  474,  503 

>  Legitimate  and  ille«itimate, 

MS 
,  Male  and  female,  503 


of.  94 
Bimcbdtm  £h«r,  m 


BoiBi^of 


83 

61€ 

'.46 


Borine  dipfaAena,  US 
Bovine  tabensloav,  412 
Bofle  and  Marriotte'a  law,  « 
Bof  la'a  Talrea,  ISO 


BraatfomMiars  I 
Bread,  95, 140 

,  AdalteratioM  oC.  14» 

Brick,  PeriwhilHj  at,  ITS 

Bristol,  Sewen  at,  29 

Broad  irrigation,  282 

BroBune,  DiainfeetioK  hgr,  aao 

Babonie  plane,  4S5 

Bochan  and  Mitckell'a  naetliod, 

615 
Bmlding  materiala,  172 
Boildiaga,  Bjrdawa  as  to,  567, 573 

,  Dangefooa,  406 

,  Hew,  404. 5(0, 567 

,  Obatmctive.  515 

Boildinir  aitea,  160 
Burial  Act,  275,  276 

gruuuda,  271 

,  Air  of,  273 

,  Bjelaws  aa  to,  567,  586 

-,  Cloanre  of,  275 
275 


\ 


,  L.O.B.  Memo,  aa  to,  274 

,  8.A.  to  proride,  275 

,  Power  to  provide  for   and 

enforce,  505 
Batter,  142 

adnlteration,  143 

analysia,  65, 143 

,  Ck)mpo8ition  of,  143 

and  maeaae,  144 

Bntyric  acid  fermenmtioB,  128 
Bnys-Ballof  a  law,  34 
Byelaws,  500,  565 

^,  Annotated  Model,  560 

for  nrban  and  mral  districts 

482,500 
,  li.C.C.  most  make,  542 


Index, 


623 


Calcium  salts  in  water,  02, 67, 74 
Calculi,  Urinary,  76 
Calf  Taodnation,  342,  844 
Campbell's  sunshine  recorder,  20 
Canal  Boats  Aets,  588,  590 
Cancer  mortality,  596 
Carbohydrates,  91 
Carbon  filters,  49 
Carbonates  in  water,  63 
Carbolic  acid  as  deodorant,  827 

as  disinfectant,  321 

oU,320 

Carbonic  acid  in  air,  8, 18, 180 

in  soil,  162 

in  water,  60 

oxide  in  air,  4, 15, 197 

Garferal  filter,  49 

Carrots,  95 

Casein,  121 

Caterham  outbreak,  378, 864 

Gator's  anemometer,  30 

Causes  of  death,  CTsssificstion  of, 

507,606 
Cellar  dweDiags,  485, 580 
Cement,  172 
Cemeteries.  272, 507, 566 

,  Air  OT,  273 

Census,  591 

Gerefaro-qpiMl    mwrfngitis,   Epi> 

deBuc,3B8 
Cesspof^,  257,  570,  579 
Chalk,  170 

8oito,170 

,  Watsr  fram,  Ow  64 

Chamberiaad's  liter,  52 

Charcoal  filtera,  49 

Charleirs  law,  6 

Cheese,  96, 145 

Chemiral    cypuaHioa   of    food 


subetaaees. 


81» 

purifiestioB  of 
ChickeB-imz,  214w  846 
ChildreB  in  ' 
Chkindeof 
Chlorides  in 
Chlorine  as 


.48 


Ch<de^^4M 
,  ]Gaobe<il^< 


.M&,4« 


Chylnria,  287 
Cisterns,  House,  47, 485 

,  Separate,  for  closets,  211 

Clarine  process,  261 

Clark's  process,  48 

Claviceps  purpurea,  150 

Clay  sites,  160 

Cleansing  of  houses.  Compulsory 

484 
Cleansing  of  PerMus  Act,  544 
Climate,  35 
CloseU,  Ash,  243 

,  Byelawsasto,  570 

common    to  two    or    more 

houses,  500 

,  Earth,  243, 245,  570,  578 

,  Flash,  212 

for  factories,  483 

for  schools,  206 

for  tenement  houses,  number 

required,  584 
for  houses,  Compulsory,  4W, 

539 

,  Pan,  244,  216,  247, 248 

,  8.  A*  responsible  for  super* 

▼isionof,483 

,  Trough,  242 

,  Wat«,  239,  577 

Clorare  of  houses  unfit  for  Lsl/i- 

tatioa,  514, 580 
of  polliUed  wen*  or  dstenui, 

485 
Coeetdia,279 
Coekk«,ldS 
Coenanu  eerebtalis,  ICe 
Coftas,273 
Colo's  scrfatkm,  804 
Coke,  196 
ColswlS 
CombiaiUiMior 

4M> 
Owbastioa,  11 

pfoetse,  7> 

Onuaa  tsMdhM,  4J» 
OMUiiUMflu  Yffwtgn  /yf,  447 

\.^ts  ivxtaisty  Scrm,  Uf>, 

a«vltd«actKi«,  idU 

r^auyva;  Vr  iuMptsal,  402 
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Constant  water  supply,  47 

Consamption.  £le6  Phthisis. 

Conta^oos  diseases,  289 

Container  closet,  240 

Contamination  of  air,  7 

of  water  by  lead,  69 

by  organic  matter,  40 

Contributory  place,  497 

Cooking,  Chemical  effect  of,  112 

Copx>er  salts  in  water,  74 

Cornices,  Ventilating,  188 

Corrected  death-rates,  594,  600 

Cotton  clothing,  314 

workers,   Mortality   among, 

609 

Cough-sinray,  411 

County  authorities  may  regulate 
dog-muzzling,  418 

Councils,  465,  509,  512,  516, 

527,  541,  542,  547,  564 

Cow-pox,  344 

Cow-sheds.    See  Dairies. 

Cream,  122 

Cremation,  276 

Croup,  371 

Cubic  space,  183 

and  mortality,  185 

in  canal  boats,  529 

in      common     lodging- 
houses,  571 

in  cowsheds,  533 

in  factories,  549 

in  hospitals,  216 

in  tenement  houses,  583 

Cnlex,  442 

Cultivation  of  microbes,  303 

Cnpric  sulphate  as  deodorant,  327 

as  disinfectant,  320 

Customs  and  Inland  Bevenue  Act, 
1890,566 

Cyclones,  32 

Cysticercus,  281 


D-trap,  236 

Dairies,  cowsheds,  and  milkshops 
Orders,  530 

,  Drainage    of,   531, 

535 

— ,  Infectious  diseases 

in,  537 

,  Lighting   of,    534, 
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Important  New  Series  of  Medical 
Textbooks  on  Modern  Methods 
of  Treatment. 

The  literature  dealing  with  modern  methods  of 
treatment  is  already  considerable,  but  it  is  scattered 
through  a  number  of  periodicals,  British  and  Foreign, 
and  it  is  thus  to  a  large  extent  inaccessible  to  tlie 
general  body  of  the  medical  profession.  This  Scries 
will  consist  of  monographs,  in  which  all  the  available 
evidence  will  be  critically  reviewed  by  writers  whose 
practical  experience- enables  them  to  form  a  judicial 
estimate  of  the  value  of  the  methods  described. 
Among  the  works  in  preparation  are  volumes  de- 
voted to  treatment  by  light  and  X-rays  and  by 
electricity,  and  another  on  minor  surgery.  The  first 
three  volumes  are 
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Treatment    and    Diag^nosis.      p^y  wm.   Cecil 

.   Oxon.,  F.R.C.P.   Lond.,  i»hysi<:iar 
ipital  for  Children,  London.     T."*.  <»'</. 


Bosanquet,  M.A.,  M.D.  Oxon.,  F.R.C.P.  Lond.,  i'hysioian  tu 

Out-Patients  Victoria  Hospital  for       " 


The   Open-Air  Treatment  of    Pul- 
monary Tuberculosis.     By  f.  W.  Burton-Fanning, 

M.D.  Cantab.,  Pnysiclan  to  the  Norfolk  and    Norwich   Hospital  ; 
Honorary  Visiting  Physician  to  the  Kelling  Oper  -Air  .Sanatorium.  #>.«<. 

Organotherapy;    or,  Treatment  by 

Means  of  Preparations  of  Various  Ori?:ans. 

Py  H.    Batty    Shaw,    M.D.    (Lond.),    F.R.C.P.,    I.cciurer  in 
Therapeutics,  University  College,  London,  and  Assistant  Physician  tu 
University  College  Hospital,  and  l\\e  Ro^v^VaX  ^ot  ^ws&xMsw^KVi^v'^vvs.^ 
Diseases  of  the  Chest,  Brompton.     <>8. 

Otfior  Volumes  \n  PropQLva.\\ot\« 


maaoMjB  gar  Wadtato  md  ftytJUoMT^qg  ■■«*■  frurtyp. 


A  Manual   of  Operative 

ReTi«edtytb»  Amhorand  JcmattonHlltrtimwm,    ^ , 
Sttraeon  to  tbe  London  Hotpital,  fhinhur  in  Surnrr  wml 
Me£cal  Depgtmciit     WlOi  49P  Uluttndoiii.    In  Two  vo 
4lV9«    Supplied  in  sets  only. 
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Clinical  Therapeutics.    By^  l  BmMr  Tto^  ILDl, 

TJLOJf,    With  lUtmradona.    TWvVoli.' 91«.BBt. 
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Tumours,  Innocent  and  Malijg^nant : 

Their  Clinical  Characters  and  Appropriate 

Treatment.  By  J.  Bland-SnttOXl,  F.B.C.8..  Surgeon  to 
the  Chelsea  Hospital  for  Women,  etc.    With  3x3  Engravings.    9l9, 
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and  patience,  and  which  there  can  be  little  questi<m  will  rahk  high,  naaag  works  of  its 
claas,"-r-TM*  Lancet. 

Tlie  Therapeutics  of  Mineral  5prins:s 

and    Climates.      By  i.  Bumey  Teo,  K.D.,  F.R.C.P. 

128.  6d,  net. 

"  The  author  furnishes  the  medical  profession  with  a  very  complete  guide  to  the 
therapeutics  of  mineral  springs  and  climates.  The  application  of  mimral  springs  to  tiie 
treatment  of  various  makdies  is  succinctly  treated  under  the  various  diseases."— TAe 

Lancet, 

Tropical    Diseases.      a  Manual  of  thePlseasesor  warm 

Climates.  By  Sir  Patrick  Manson.  K.CH.O.,  WLD,,  LLD. 
Al)erd.,  F.B.C.P.,  aM.O.,  F.R.&  With  Two  Colooied  Pbtos 
and  230  Illustrations.    lOs.  6d,  net. 
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Diseases  of  the  Skin.  An  Outlme  of  the  Prin- 
ciples and  Practice  of  Dermatology.  By  MalCOlm  MorriS, 
Consulting  Surgeon  to  the  Skin  Department,  St.  Mary's  Hospital, 
London.  With  Two  Coloured  Plates,  36  Plain  Plates,  and  Numerous 
Illustt  itions.    10s,  6d»  * 

Surgical     Applied     Anatomy.       By 

Sir  Frederick  Treves,  Bart.,  G.C.V.O.,  C.B.,  F.R.C.S..  LL.D., 

assisted  by  Arthur  Keltll,  BID.,  F.R.C.S.    With  80  Illustrations. 

99, 

*'  The  descriptions  are  terse  and  clear,  the  arrangement  excellent  There  is  no  doubt 
that  the  book  win  receire  a  cordial  welcome  from  those  for  whom  it  is  intended."— TAe 
British  Medical  youmcU, 

Oral  Sepsis  as  a  Cause  of  Disease. 

By  W.  Hunter,  M.D.,  F.B.C.P.    d«.  0<i. 

intestinal  Obstruction,  its  varieties,  with  their 

Pathology,  Diagnosis,  and  Treatment.  By  Sir  Frederick  Treves. 
Bart.,  O.C.y.0.,  C.B.,  F.R.C.S.,  LL.D.    Illustrated,    109,  6d, 

OrtllOpSediC  Surgery.      AXextbook  of  the  Pathology 

and  Treatment  of  Deformities.  By  J«  JackSOn  Clarkei  M.B.  Lond., 
F.  B.  O.S.    With  309  Illustrations.    1  Os.  6d. 

A  Handbook  for  Midwives  and  Ma- 
ternity Nurses.  with  a  Section  on  the  Principles  of 
Infant  Feeding.    By  Comyus  Berkeley,  B.A.,  B.C.  Cantab., 

M.R.C.P.  Lend.,  M.R.C-S.  £ng..  Assistant  Obstetric  Physician  at 
the  Middlesex  Hospital ;  Lecturer  on  Midwifery  at  the  Middlesex 
Hospital  Medical  Set  ool ;  Senior  Physician  to  Out-Patients  at  the 
Chelsea  Hospital  for  Women  ;  £xaminer  in  Midwifery  to  the  Central 
Midwives  Board.     With  58  Illustrations.     08, 

Diseases    of    Women.        a  CUmcal   Guide   to   their 

Diagnosis  and  Treatment.  By  George  Bmest  Herman,  M.B.  Lond. , 

F.R.C.P.,  Senior  Obstetric  Ph3^ician  to,  and  Lectturer  on  Midwifery 
at,  the  London  Hospital ;  Examiner  in  Midwifery  to  the  University 
of  Cambridge  and  the  Royal  CoUeee  of  Physicians,  &c.  &c.  With 
upwards  of  250  Illustrations.   Price  ^Ss, 

Ringworm.        in  the  Light  of  Recent  Research.    Pathology- 
Treatment — Prophylaxis.   By  MalCOlm  MorrlS,  Consulting  Sureeon 
to  the  Skin  Department,  St.  feA.ax7*&  Ro&\t\Xs\t  YATk&»rcL«    '^N^  "vk. 
Micro-photographs  and  a  Coloured  'PVaxe-..    1»«  ^^« 
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A  System  of  Surgery.    Edited  by  sir  nredonck 

Treves,  Bart.,O.C.V.O.,  C.B.,F.S.O.S.,LL.D.  SeveiUh  Thousand. 
Each  Volume  contains  Two  Coloured  Plates  and  Several  Hundred 
Original  Woodcut  Illustrations  by  Charlbs  Bbkjbau,  F.L.S.,  and 
others.    Complete  in  two  volmmes,  price  4tiis, 

Diseases  of  the  Joints  and  Spine. 

By  Howard  Marsh,  F.R.C.S..  Professor  of  Surgery  in  the 
University  of  Cambridge,  &c.  New  ami  Revised  Edtiwn^  With 
79  Illustrations.    IfSs,  6d. 

"  This  volume  is  excellently  planned.  Mr.  Marsh  brings  to  bear  upon  it  keen 
critical  acumen."— £.rz/ey:^00/  MediohChintrgical  youmal,  • 

Surgical    Diseases   of    tlie    Ovaries 

and    Fallopian    Tubes,    including    Tubal 

Preg^nancy.  By  J.  BlandrSuttOn,  F.B.O.S..  Surgeon  to 
the  Chelsea  Hospital  for  Women,  Assistant  Surgeon  to  the  Middlesex 
Hospital.    With  146  Illustrations.    Cloth,  lOa^  6d, 

Difficult    Labour.        a  Guide  to  its  Management.    For 

Students  and  Practiricners.  By  G.  Emest  Herman,  M.B.  Lond., 
F.R.C.P.,  Senior  Obstetric  Physician  to  the  London  Hospital,  &c. 
With  165  Illustrations.     Ne^v  and  Revised  Edition,     liis,  6d, 

"  The  book  is  well  arranged  and  prolusely  illustrated  with  excellent  dia^ams.  It 
is  a  decided  acquisition  to  the  literature  ot  midwifery,  and  we  have  pleasure  in  recom- 
meiuling  it  to  all  interested  In  the  subject,"— C/aj^<7W  Medical  yourtiaU. 

On    tlie    Origin    and    Progress    of 

Renal    Surgery,    with  Special  Reference  to  Stone    in  the 

Kidney  and  Ureter  ;  and  to  the  Surgical  Treatment  of  Calculous 
Anuria.  Bein^  the  Hunterian  Lectures  for  1898.  Together  with  a 
Critical   Examination   of    Subparietal    Injuries  of   the  Ureter.     By 

Henry  Morris,  M.A.,  M.B.  Lond^  F.R.C.S.,  Chairman  of  the 
Court  of  Examiners  of  the  Royal  College  of  Surgeons,  &c.  &c. 
With  28  Illustrations.     6*«. 

Surgicai   Diseases  of    Ciiildren.     By 

Edmund  Owen,  M.B.,  F.R.C.S.,  Consulting  Surgeon  to  the  Hospital 
for  Sick  Children,  Great  Ormond  Street ;  Surgeon  to  St.  Mary's 
Hospital,   &.C.   &c.       With  5  Chromo  Plates  and  120  Engravings. 

Diseases  of  tiie  Tongue.     By  h.  t.  Butim. 

F.R.C.S.,   D.C.L.,   Consulting  Surgeon  and    Lecturer  on   Clinical 

Surgery  to  St.  Bartholomew's  Hospital,  and  Walter  6.  Spencer, 
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Medical    Diseases    of    Infancy   and 

Childhood.     By  Dawson  Williams,  M.D.  Lond..  Fellow 

of  the  Royal  College  of  Physicians  of  London,  and  of  University 
College,  London ;'  Consulting  Physician  to  the  East  London  Hospital 
for  Children,  Shadwell.  With  z8  Full-page  Plates  and  numerous 
Illustrations.    lOa*  6d, 

Sypllilis.      By  Jonathan  HatcUnson,  F.R.S..  F.R.O.S., 

Consulting  Surgeon  to  the  London  Hospital  ftnd  to  the  Royal 
London  OphthJmic  Hospital.  With  8  Chromo  Plates.  Eighth 
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Insanity   and    Allied    Neuroses.     By 

George  H.  Savage,  M.D.,  Lecturer  on  M«nital  Diseases  at  Guy's 
Hospital.  &c.    With  19  Illustrations.     7V»M  Thausand.    9b, 

"Dr.  Savage's  grouping:  of  insanity  is  practical  and  convenient,  and  the  observations 
oo  each  s^roup  are  acute,  extensive  and  well  arranged." — Lancet. 

Clinical     MetllOdS  :        a  Cmde  to  the  PracUcal  Study 

of  M<sdicine.    By  Robert  Hntchison,  M.D.,  F.R.O.P.,  and  Harry 

Rainy,  M.A.,  F.R.S.E.  With  9  Coloured  Plates  and  upwards  of 
150  Illustrations.     New  and  Revised  Edition,    10a,  6d, 

During  the  interval  that  has  elapse<l  sinc3  the  last  edition  of  thi«  work  was  issued 
important  advances  have  been  made  in  many  uf  th«  departments  which  fall  within  the 
scope  of  this  manual.  The  authors  have  endeavoured  in  this  new  edition  to  incorporate 
such  portions  of  this  new  material  as  are  likely  to  prove  of  permanent  value  and  are 
capable  of  clinical  application. 


Gout,  its  Patliolos^^  and  Treatment. 

Bv  Arthur  P.  Luff,  HD.  Lond.,  B.8C,  F.R.C.P.,  Physician  in 
Charee  of  Oat-Patients  and  Lecturer  on  Forensic  Medicine  at  St. 
Mary  s  Hospital.    Crown  Svo,  356  pages,  Ss, 

"Dr.  Luff  Ls  well  known  to  possess  a  thorough  knowledge  of  chemical  science,  and 
to  be  an  able  investigator  of  chemical  phenomena.  The  work  under  rev>ew  bears  testi- 
mony to  this,  containing  as  it  does  a  most  excellent  account  of  the  conditions  which  give 
rise  to  gout,  together  with  the  means  to  be  resorted  to  in  order  to  prevent  or  to  alleviate 
its  paroxysms.' —ATrt/iM/  ChronicU. 

Diseases  of  tlie  Ear.     By  a.  Marmaduke  sneUd, 

M.B.  Cantab.,  F.R.C.S.  Eng.,  &c.  With  4  Coloured  Plates  and 
34  Woodcut  Illustrations.    10a,  od. 

Food    in    Healtli    and    Disease.     By 

L  Bnmey  Yeo,  M.D.,  F.R.C.P.,^oit%«wol  >^iXi '^xvtvcv^'k?*  ^^^^ 

Practice  of  Medicine  in  Kln^s  Co\\ei«.    1.0».  ttd.. 
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Materia  Medica  and  Therapeutics. 

An  Introduction  to  the  Rational  Treatment  of  Disease.  By  J. 
Uitohell  Brace,  M.A.,   LL.D.  Aberd.,  M.D.,  F.B.C.P.,  etc. 

New^  Revued,  and  Enlarged  Edition,     78»  C<f. 

The  present  edition  of  this  work  has  been  subjected  to  thorough  revision  and 
brought  up  to  the  level  of  the  latest  knowledge.  An  entirely  new  Part  has  been  added, 
which  contains  an  account  of  the  Materia  Medica  and  Therapeutics  of  the  drugs  in  the 
Indian  and  Colonial  Addendum  to  the  British  Pharmacopoeia.  ^ 

Elements  of  Histology.    By  b.  Kiein,  m.d., 

F.R.S.,  Lecturer  on  General  Anatomy  and  Physiology  in  the 
Medical  School  of  St  Bartholomew's  Hospital,  London ;  and  J.  S. 
EdMns,  M.A.I  M.B.,  Joint  Lecturer  and  Demonstrator  of  Physio- 
logy in  the  Medical  School  of  St.  Bartholomew's  Hospital,  London. 
Revised  and  Enlarged  Edition^  with  296  Illustrations.    7s*  0<i* 

"  A  work  which  must  of  necessity  command  a  universal  success.   It  Is  Just  exactly 
what  has  long  been  a  desideratiun  among  students."— ilfn^ios/  Press  and  Circuiar, 

Hygiene    and  .  Public   Health.     By  b. 

Arthur  Whitelegge,  CB^  M.D.,  B.Sc.  Lond.,  F.R.C.P.,  etc., 
and  George  Newman,  M.D.,  D.P.H.,  F.B.S.E.,  etc.    Illustrated. 

New  and  Revised  Edition.     7s,  Hd* 

In  v;ew  of  the  great  advances  in  the  science  and  practice  of  Public  Health  since  the 
first  appearance  of  this  Manual  in  1890,  this  work  has  been  revised,  rearranged,  and 
where  necessary,  rewritten.  In  recent  years  many  important  additions  to  the  official 
duties  of  Medical  Officers  of  Health  have  l)een  made,  and  fuller  application  of  scientific 
kiiowledjjfe  is  now  req  ired  in  j;reventive  medicine.  The  object  of  the  Manual  is  mainly 
to  present  a  concise  summary  of  tiie  present  position,  for  the  purposes  of  the  Medical 
( )flicer  of  Health  and  of  the  student. 


A  Manual  of  Chemistry  :     inorganic  and 

Organic,  with  an  Introduction  to  the  3tudy  of  Chemistry.     For  the 
Use  of  Students  of  Medicine.     By  Arthur  P.  Luflf,  M.D.,   B.j3C. 

Lond.,  F.B.C.P. ;  and  Frederic  James  M.  Page.  B.Sc.  Lond., 

F.I.C.    With  43  Illustrations.    New  and  R evised  Edition.    7s.  6d» 

In  this  new  edition  the  chief  alterations  are  as  follows:  Part  I.  has  been  re-arranged 

as  well  as  brought  up  to  date.     In  Part  IV.  short  descriptions  of  the  determinations  of 

the   bnilin^-poini   and   melting-point,   and   the  connection  between   the  structure   of  a 

substance  and  its  behaviour  to  polarised  hght  (stereo-isomerism)  have  been  inserted  ;  and 

in  Chapter  XI,  will  l)e  found  the  composition  of  various  chemical  substances  which  have 

recently  come  into  use  as  drupes  iasv>m\\,  Yvetovw,  tvve^ov^w,  Ntxoual,  etc.).      To  the 

I'r.ictical  Van  a  brief  account  ot  VoWmetiVc  ktvAXNyvs  \vas  \iefeTv  ^a.^^^^, *5»A.  ^^  XaJcVt^ 

have  been  extended  so  as  to  include  l\\e  aiva\vb\s  o\  ^m\xt.\uft  cviTNXavKsv-tVK^  'loRV^'i^sv^ 

one  acid. 


WfamialB  for  Stodenta  of  Medicine  (continued). 


Elements  of  Surgical  Diagnosis :   A 

Manual  for  the  Wards.     By  a.  Pearce  oouid, 

IL8..  M.B.,  F.R.O.S..  Surgeon  to,  and   Lecturer  on  Surgery  at 
the  Middlesex  Hospital,  &c    New  and  Enlarged  Edition*    9a, 

"  We  stronjrly  recommend  the  careful  study  of  this  little  manual  to  every  student  of' 
surgeiy,**^DMMiH  youmal  0/ Medical  Science. 


First  Lines  in  Midwifery,     a  Guide  to 

Attendance  on  Natural  Labour.  By  O.  E.  Herman,  M.B.  Lond., 
F.R.O.Pm  Senior  Obstetric  Phyucian  and  Lecturer  on  Midwifery, 
London  Hospital,  &c.    With  8z  Illustrarfons.    5a. 

Manual  of  Military  Ophthalmology. 

For  the  Use  of  Medical  Officers  of  the  Home,  Indian,  and  Colonial 
Services.  By  HL  T.  TaiT.  F.R.C.8.L,  Major  Royal  Army  Medical 
Corps,  &c.    With  numerous  Illustrations  and  Diagrams.    6a. 

The  Student's  Handbook  of  Surgical 

Operations.     By  sir  Frederick  Treves,  Bart..  6.C.V.O., 

OA,  F.R.C.8.,  LL.D.   With  94  Illustrations.    7a,  6d» 

Clinical  Papers  on  Surgical  Subjects. 

By  Herbert  W.  Page,  M.A.,  M.C.  Cantab.,  F.R.C.S.  Eng.. 

Senior  Surgeon  to  St.  Mary's  Hospital,  &c.  &c.    5a, 

The  Cerebro- Spinal  Fluid:  its  spontaneous 

Escape  from  the  Nose.    By  St.  Clair  Tbomson.  HD.,  &C.    6a, 

A  Guide   to   the    Instruments  and 

Appliances  Required  in  Various  Operations. 

By  A.  W.  Mayo  Robson,  F.R.C.8.    Cloth,  »a,  6d, 

Medical  Handbook  of  Life  Assurance. 

By  James  Edward  Pollock,  HLJ},,  F.R.C.P.,  and  James  Chis- 

holm  (Fellow  of  the   Institute  of   Actuaries,  London).     7«.  dd. 


The  Other  Side  of  the  Lantern. 


By 


Sir  Frederick  Treyes,  Baxt.,  Qt.O.N.^M^:^.,'^^^.  ^^^  k^ 

Fall-page  Plates,  from  PhotogtapYi^  >av  \}tift  K.m'Ccvox*    VA%»  'we.* 


NuTBing   Handbooks,   Ac.  ^f 

Incompatibility    and    Some    of    Its 

Lessons.      By  Talter  0.  8lIliUl,.M J>.,  Ei-Pi«ideiil  Hoy^l 
Collcgd  of  PhFBickoi,  Iraland.  Sc    U. 

ICnUrsid  StritI,  in  Monlh/y  PaMl.  firiu  St.  net.  qflhc 

'  Annals  of  Surgery,    a  ManAiy  Review  or  surBi«i 

Sdenec  and   Piaciite.     Fdiicd  br  W.  H.  A.  JacObBDB,  M.Cb. 

(of  Lend™;;  L.  S.  PllcHer,  A.M..  K.D.  (of  Hrooklm,  U.S.A.): 
WmiamMEi<!£weil,BLI).l(ifUla>E(!w);  J.WlUlBJiiWhlte,BI.D. 

.»i!L  .™u.'  Ih"  j'oLm=l  b^[rii  .Ji'l  I^T'"°"  [^r  o„t'y™.     '"       '""' 

Cookery  for  Common  Allments«    bt 

AF«n»vaCtiw  nimi  rtiTHtft  of  nTWiBBi,>^fkrtiii 

Brom*.    PvB  conn,  U^Htidodi,  ».«<«.  Ht. 

The  Care  and  Management  of  Deli- 
cate children.,  Br  Or.  Foqr  a  LtwU.  V*(. 

Handbook  of  Nursing  ar  oi  HiM  m«  §»  th> 

HoniML    Br  OMllHlu  J.  WMl.   T    '     ~      '  '  ^'    '     ' 
tb«  UoulMl  far  ffiiA  CUldna,  OnH.O 
Momd  nMuamd.    3a.  •&  ;  dMk,  flv. 

The  Practical  Nursing  of  Inlants 

and  Children.   ByFr«iko<delUdiBn,ltBL,B.k.ll(db. 

r.ILC.S.    xiS  pp.,  crown  8vo.    JIa.  94. 

Advice  to  Women  on  the  Care  of 

their    Health,    Before,  Durinj:,  and    After 
Confinement.    Bt  norano*  Btupoois,  npiom^i  or 

tta«  London  Obiutrical  Society,  cic.  «c.    Papa  conii,  3<.  net  1 
clolh,  la.  Bd.  net. 

Our  Sick  and  How  to  Take  Care  of 

Them  ;    or,  Plain  THching  on  Sick  Nuibiii  U  Bodm.    Br 
Florence  Btaepools.   Paper  corns,  l*.  hm  ;  or  cloth,  1».  «*. 

Ambulance  Work  and  Nursing,     a 

Ckta/i  EJitiim.    Si. 

ticulan  e/ufmmti  afOiu  7*imiaiut  k'sliimaiBK/mJii^Btilti 
Xil^gioiu  Wsrla,  lUustralid  and  Fim-itrt  ftiumrt,  C/UM,  _..  . 
Hivii,  Ditlitnariii,  EAtcatrmtaJ  Wm-ki,  Hiiltty,  Naturai  Mittrrjr, 
Himaluild  amt  DomatK  Traaius,  Sana,  Travtli.  «-c.,  AvMbr 
mrf  a  Synods  <,/  thtir  numtttm,  IU«.«™*rf  S.™t  "-'"--'— 
JWti  fisstjTit  on  afpluatwi. 
CASSELL  &  COMPANY,  lJ»iiaD,  Lw^  HtU, 
P»rU,  Ntw  York  6-  M»ll«n«. 
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